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Abstract

Chronic, intermittent ethanol (CIE) exposure is known to produce neuroadaptive alterations in
excitatory neurotransmission that contribute to the development of dependence. Although
activation of protein kinases (e.g., cyclic AMP [cAMP]-dependent protein kinase) is implicated in
the synaptic trafficking of these receptors following CIE exposure, the functional consequences of
these effects are yet to be fully understood. The present study sought to delineate the influence of
protein kinase in regulating cytotoxicity following CIE exposure, as well as to examine the relative
roles of ethanol exposure and ethanol withdrawal (EWD) in promoting these effects. Rat
hippocampal explants were exposed to a developmental model of CIE with or without co-
application of broad-spectrum protein kinase inhibitor KT-5720 (1 mM) either during ethanol
exposure or EWD. Hippocampal cytotoxicity was assessed via immunofluorescence (IF) of
neuron-specific nuclear protein (NeuN) with thionine staining of Nissl bodies to confirm IF
findings. Concomitant application of ethanol and KT-5720 restored the loss of NeuN/Fox-3 IF in
pyramidal CA1 and granule DG cell layers produced by CIE, but there was no restoration in CA3.
Application of KT-5720 during EWD failed to significantly alter levels of NeuN IF, implying that
ethanol exposure activates protein kinases that, in part, mediate the effects of EWD. KT-5720
application during EWD also restored thionine staining in CAL, suggesting kinase regulation of
both neurons and non-neuronal cells. These data demonstrate that CIE exposure alters protein
kinase activity to promote ethanol withdrawal-associated loss of NeuN/Fox-3 and highlight the
influence of kinase signaling on distinct cell types in the developing hippocampus.
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Introduction

Patterns of binge-like ethanol consumption and multiple detoxifications (i.e., ethanol
withdrawal [EWD]) predict poorer neurologic outcomes. These effects include physical
manifestations of EWD (e.g., Veatch & Becker, 2005), neurocognitive perturbations (e.g.,
Zhao et al., 2013), and hippocampal neurodegeneration (e.g., Corso, Mostafa, Collins, &
Neafsey, 1998) in adult rodents. These effects are associated with neuroadaptive changes in
excitatory neurotransmission (e.g., Christian, Alexander, Diaz, & McCool, 2013; Nelson et
al., 2005; Veatch & Becker, 2005). As an example, a prior study utilizing
electrophysiological techniques demonstrated that EWD from CIE produced increased
presynaptic glutamate function in the adult rat basolateral amygdala (Christian et al., 2013).
Other electrophysiological studies have found amplified Atmethyl-D-aspartate (NMDA)-
receptor-mediated responses in the pyramidal CA1 cell layer of the hippocampal formation
following exposure to CIE, relative to age-matched controls (Nelson et al., 2005). In
addition, enhanced mGlu-1 and NMDA GIuN signaling within the central nucleus of the
amygdala (Cozzoli et al., 2014), as well as increased expression of group 1 mGlu-family and
NMDA GIuN2 proteins (Cozzoli et al., 2009), are observed in adult C57BL/6J mice
subjected to binge-like ethanol administration. These behavioral and neurobiological data
suggest that the behavioral effects of EWD are associated with alterations in excitatory
neurotransmission.

Western blot and immunoblot analyses revealed that CIE produced selective increases in
GIuN1 and GIuN2B subunit expression on the surface membrane in fetal cultured cortical
neurons (Qiang, Denny, & Ticku, 2007). Exposure to KT-5720 (i.e., 1 mM), an inhibitor of
cyclic AMP-dependent protein kinase (PKA), and other similar protein kinases (e.g.,
mitogen-activated protein kinases [MAPK]), prevented increases in GIuN1 and partially
prevented increases in GIUN2B expression in the developing cortex (Qiang et al., 2007).
Another study demonstrated that ethanol exposure promotes trafficking of NMDA receptors
in developing hippocampal neurons via activity-dependent processes (e.g., protein kinases)
(Carpenter-Hyland, Woodward, & Chandler, 2004). Within the nucleus accumbens,
activation of the cAMP-dependent protein kinase, PKA, confers the sensitivity of NMDA
receptors following ethanol application in modulation of dopaminergic tone in
periadolescent (i.e., 3e4 weeks old) rats (Maldve et al., 2002; see Lovinger, 2002 for a brief
review). In addition, protein kinases (e.g., MAPK and extracellular signal-regulated kinases
[ERK]) are known to phosphorylate group 1 metabotropic glutamate receptors (for a review,
see Mao & Wang, 2016). A recent study conducted in our laboratory demonstrated that
group 1 metabotropic glutamate (mGlu)-family proteins contribute to cytotoxicity in a
developmental model of CIE (Reynolds, Williams, Saunders, & Prendergast, 2015). Taken
together, these findings suggest that protein kinase activation might regulate neuroadaptive
alterations in glutamatergic neurotransmission observed following CIE, particularly in the
developing central nervous system (CNS). However, the functional role of protein kinase
activity in promoting hippocampal cytotoxicity following CIE exposure is not clearly
understood. Further, the relative roles of ethanol exposure and EWD in activating these
intracellular signals to promote the cytotoxic effects of CIE have not been delineated. In the
present report, we examined the functional effects of broad-spectrum protein kinase
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inhibition by the broadspectrum staurosporine analog KT-5720 on the cytotoxic effects of
ethanol in a developmental model of CIE.

Organotypic hippocampal slice culture preparation

Whole brains were aseptically removed from 8-day-old SpragueeDawley rats (Harlan
Laboratories; Indianapolis, IN) and transferred to sterile culture dishes containing frozen
dissecting medium (Minimum Essential Medium [MEM; Invitrogen, Carlsbad, CA], 25 mM
HEPES [Sigma, St. Louis, MO], 10.60 mM Amphotericin B solution [Sigma], and 50 mM
streptomycin/penicillin [Invitrogen]). Bilateral hippocampi were extracted and carefully
transferred to sterile plates containing chilled culture medium (dissecting medium, distilled
water, 36 mM glucose [Fisher, Pittsburgh, PA], 25% Hanks’ Balanced Salt Solution [HBSS;
Invitrogen], 25% [v/v] heat-inactivated horse serum [HIHS; Sigma], 0.05% Amphotericin B
solution [Sigma], and 0.05% streptomycin/ penicillin [Invitrogen]). Excess hippocampal
tissue was carefully removed using a stereoscopic microscope, and unilateral hippocampi
were sectioned at 200 mM using a Mcllwain Tissue Chopper (Mickle Laboratory
Engineering Co. Ltd., Gomshall, UK). Hippocampi with cell layers intact (i.e., CAl, CA3,
and DG) were selected under the stereoscopic microscope and then carefully plated using
transfer pipettes onto Millicell-CM 0.4-mM biopore membrane inserts placed in a sterile 6-
well culture that contained 1 mL of pre-incubated culture medium per well. Each culture
well plate generated 18e24 hippocampi. Excess culture medium was extracted off the top of
each biopore membrane insert and hippocampi were maintained in a water-jacketed
incubator at 37 oC with a gas composition of 5% C0O2/95% air for 5 days prior to
experimental manipulation for adequate membrane adherence (after Butler et al., 2010).
Care of all animals was carried out in agreement with the University of Kentucky’s
Institutional Animal Care and Use Committee.

Chronic, intermittent ethanol (CIE) regimen

An in vitromodel of CIE that has been published previously (Reynolds, Saunders, &
Prendergast, 2016) was used to assess the functional role of cAMP-dependent protein kinase
activation in promoting the cytotoxic effects of CIE. At 5 days /n vitro, hippocampi were
randomly transferred to plates containing either 1 mL of the ethanol-naive culture medium
(control) or ethanol-containing medium (i.e., 50 mM) for 5 days with or without the addition
of KT-5720 (1 mM), a broad-spectrum protein kinase inhibitor (Bain et al., 2007). During
each 5-day exposure period, ethanol and control-treated hippocampi were maintained inside
Ziploc® bags filled with 5% CO2/95% air and water bath solutions containing either
distilled water (50 mL) for control plates or distilled water (50 mL) containing ethanol (50
mM) for ethanol-treated plates, so as to maintain ethanol at 50 mM. At 11 days /n vitro,
hippocampi were removed from culture plates and transferred to new plates containing 1 mL
of fresh control culture media for a 24-h EWD period with or without the addition of
KT-5720 (1 mM). This treatment regimen was repeated a total of three times (see Fig. 1). It
is worthwhile to note that KT-5720 was applied either concomitantly with ethanol or during
EWD for each of the three cycles of CIE at the same time points in ethanol- and control-
treated slices. The concentration of ethanol (i.e., 50 mM) was selected based on prior reports
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demonstrating ubiquitous decreases of NeuN IR and thionine staining of Nissl bodies in this
model of CIE (Reynolds, Berry, Sharrett-Field, & Prendergast, 2015). This concentration has
also been shown to reflect patterns of binge drinking (Eckardt et al., 1998). The
concentration of KT-5720 (i.e., 1 mM) was selected based on a prior report by Ticku and
colleagues showing efficacy for protein kinase inhibition (Qiang et al., 2007). KT-5720 was
first dissolved in 100% dimethyl sulfoxide (DMSO; Fisher) to yield a final working
concentration of 0.01% DMSO in control and ethanol-treated culture medium.

Immunohistochemistry

Histology

Following the CIE treatment regimen described above, hippocampi were fixed for
immunohistochemical procedures by pipetting 1 mL of 10% formalin solution on the top
and bottom of each culture plate well, with incubation for 30 min at room temperature.
Wells were then washed twice with phosphate-buffered saline (PBS) and then stored at 4 oC
until immunohistochemistry was performed. NeuN (Fox-3) is a protein located in nearly all
postmitotic neurons (Kim, Adelstein, & Kawamoto, 2009), and is a reliable marker of
neuronal integrity (Butler et al., 2010; Reynolds et al., 2016). Immunchistochemistry was
performed by transferring hippocampi to plates containing 1 mL of permeabilization (wash)
buffer (200 mL PBS [Invitrogen], 200 mL Triton X-100 [Sigma], 0.010 mg bovine serum
[Sigma]) on the bottom of each well. One mL of buffer was then added to the top of each
well for a 45-min incubation period at room temperature to permeate cell membranes.
Hippocampi were then transferred to plates containing 1x PBS on the bottom of each well,
and primary monoclonal antibody mouse anti-NeuN (1:200; Sigma) was carefully pipetted
on the top of each well as hippocampi were incubated at 4 oC for 24 h. Hippocampi were
washed twice with 1x PBS and then incubated for 24 h with goat anti-mouse fluorescein
isothiocyanate (FITC; 1:200; Sigma). Hippocampi were washed twice with 1x PBS. NeuN
IF was visualized using SPOT software 4.0.2 (advanced version) for Windows (W.
Nuhsbahm Inc.; McHenry, IL, USA) through a 5x objective with a Leica DMIRB
microscope (W. Nuhsbahm Inc.; McHenry, IL, USA) connected to a computer and captured
with a SPOT 7.2 color mosaic camera (W. Nuhsbahm). FITC IR was detected using a band-
pass filter at 495 nm (520 nm emission).

Thionine is a monochromatic dye known to bind to Nissl substance(s) located on
cytoplasmic RNA and DNA content of all cell nuclei (Ka da r, Wittmann, Liposits, &
Fekete, 2009). Following immunohistochemistry, hippocampi were exposed to a 0.2%
thionine stock solution for 5 min followed by a 2-min dehydration period with 70% ethanol
before being washed twice and imaged. Thionine staining of Nissl bodies was imaged with
SPOT software 4.0.2 (advanced version) for Windows (W. Nuhsbahm Inc.; McHenry, IL,
USA) through a 5x objective with a Leica DMIRB microscope (W. Nuhsbahm Inc.;
McHenry, IL, USA) connected to a computer and captured with a SPOT 7.2 color mosaic
camera (W. Nuhsburg).

Statistical analyses

Statistical analyses were conducted to assess the effects of broad-spectrum staurosporine
analog and protein kinase inhibitor KT-5720 on NeuN IF and thionine staining of Nissl
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bodies. The present experiment was conducted two times using two different rat litters. All
data were converted to percent control and then combined for data analyses and ease of
interpretation. Immunohistochemical data were analyzed using a two-factor analysis of
variance (ANOVA) with media (i.e., control-treated and ethanol-treated) and drug (i.e., no
drug and drug) as factors for each examined hippocampal subregion (i.e., CAl, CA3, and
DG). Thionine staining of Nissl bodies was used to confirm NeuN findings in control-treated
and ethanol-treated hippocampi, as well as hippocampi co-exposed to ethanol and KT-5720
(i.e., during CIE), and ethanol-treated hippocampi exposed to KT-5720 during EWD using a
1-way ANOVA. For graphical representation of thionine data, mean data from these
treatment conditions were converted using the formula ([x-100]-100*[-1]) so as to express
data on the same scale used for the immunohistochemical data. This statistical strategy is
based on a prior report utilizing histological analyses in this model of CIE (Reynolds, Berry,
et al., 2015). Post hoc analyses were conducted when appropriate using Tukey’s HSD.
Effects were considered significant at p < 0.05. For graphical representation and
interpretation, all data are presented as group mean + the standard error of the mean (SEM).

In the pyramidal cell layer of the CA1, ANOVA analyses revealed a significant drug-by-
media interaction [H2,213) ¥4 3.04, p %, 0.05], a significant main effect of drug [H2,213) Y%
3.47, p¥.0.03], and a significant main effect of medium [A1,213) ¥ 20.46, p < 0.0001].
Fig. 2 shows that exposure to CIE produced a significant 20% decrease in NeuN/Fox-3 IR
relative to control-treated tissue. Concomitant application of KT-5720 and ethanol reversed
the loss of NeuN produced by CIE by nearly 16% in this subregion (Tukey’s HSD).
Application of KT-5720 during EWD failed to alter levels of NeuN IR in ethanol-treated
hippocampi (Tukey’s HSD). Fig. 2 shows that application of KT-5720 also failed to
significantly alter levels of NeuN IR in control-treated tissue (Tukey’s HSD).

In the pyramidal cell layer of CA3, ANOVA analyses revealed a significant main effect of
medium [A1,213) ¥ 85.13, p < 0.0001], but not a significant main effect of drug (p> 0.05).
Fig. 3 shows that exposure to CIE produced a significant 30% decrease in NeuN/Fox-3 IR
relative to control-treated tissue (Tukey’s HSD). Fig. 3 shows that neither ethanol-treated
hippocampi (p > 0.05; Tukey’s HSD) nor control-treated hippocampi (p > 0.05; Tukey’s
HSD) were significantly altered following application of KT-5720 in this sub-region.

In the granule cell layer of the DG, ANOVA analyses revealed a significant main effect of
drug [A2,213) ¥4 4.63, p ¥ 0.01] and a significant main effect of medium [A1,213) %4
58.91, p< 0.0001]. Fig. 4 shows that exposure to CIE produced a significant 26% decrease
in NeuN/Fox-3 IR relative to control-treated tissue (Tukey’s HSD). Concomitant application
of KT-5720 and ethanol reversed the loss of NeuN produced by CIE by nearly 15% in this
subregion (Tukey’s HSD). Fig. 4 shows that application of KT-5720 during EWD failed to
alter levels of NeuN IR in ethanol-treated hippocampi (Tukey’s HSD). Application of
KT-5720 also failed to significantly alter levels of NeuN IR in control-treated tissue
(Tukey’s HSD).
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Thionine staining of Nissl bodies was used as a secondary measure of cytotoxicity to
confirm significance obtained from immunohistochemical analyses. In the pyramidal cell
layer of the CA1, ANOVA analyses revealed a significant main effect of treatment [ A3,85)
Y4 12.06, p< 0.0001]. Fig. 5 shows that exposure to CIE produced a significant 70%
decrease in thionine staining of Nissl bodies relative to control-treated tissue (Tukey’s HSD).
Concomitant application of KT-5720 and ethanol reversed the loss of Nissl bodies produced
by CIE by nearly 61% in this subregion (Tukey’s HSD). Interestingly, application of
KT-5720 during EWD also significantly increased thionine levels in ethanol-treated hippo-
campi (Tukey’s HSD).

In the pyramidal cell layer of CA3, ANOVA analyses revealed a significant main effect of
treatment [ A3,85) ¥4 6.82, p¥4 0.0004]. Fig. 6 shows that exposure to CIE produced a
significant 69% decrease in thionine staining of Nissl bodies relative to control-treated tissue
(Tukey’s HSD). Concomitant application of KT-5720 and ethanol significantly attenuated
the loss of Nissl bodies by nearly 30% in this subregion (Tukey’s HSD), but a complete
reversal of the loss of thionine was not observed (i.e., these effects were not statistically
significant from ethanol-treated tissue [Tukey’s HSD]). Application of KT-5720 during
EWD failed to significantly alter thionine levels in ethanol-treated hippocampi (Tukey’s
HSD).

In the granule cell layer of the DG, ANOVA analyses revealed a significant main effect of
treatment [A3,85) ¥ 7.60, p¥ 0.0001]. Fig. 7 shows that exposure to CIE produced a
significant 60% decrease in thionine staining of Nissl bodies relative to control-treated tissue
(Tukey’s HSD). Concomitant application of KT-5720 and ethanol reversed the loss of Nissl
bodies produced by CIE by nearly 43% in this subregion in a similar manner to
immunohistochemical findings (Tukey’s HSD). However, application of KT-5720 during
EWD failed to significantly alter thionine levels in ethanol-treated hippocampi (Tukey’s
HSD).

Fig. 8 depicts representative images of NeuN/Fox-3 IR (left panel) and thionine staining of
Nissl bodies (right panel) of control-treated hippocampi (top panel), ethanol-treated
hippocampi (middle panel), and hippocampi co-exposed to ethanol and KT-5720 (1.0 mM)
during CIE.

Discussion

Exposure to CIE produces neuroadaptations in glutamatergic tone. These effects are
mediated, in part, via protein kinase-dependent phosphorylation of synaptic NMDA-receptor
complexes in developing hippocampal neurons (Carpenter-Hyland et al., 2004). Subsequent
trafficking of NMDA receptors from the endoplasmic reticulum to the synapse can occur in
isolated developing hippocampal neurons (Mu, Otsuka, Horton, Scott, & Ehlers, 2003),
conferring sensitivity to cytotoxicity. In the present studies, we examined the effects of
protein kinase inhibition by the staurosporine analog KT-5720 on promoting withdrawal-
associated cytotoxicity following a developmental model of CIE that has been employed in
prior reports (e.g., Reynolds et al., 2016). CIE exposure produced significant hippocampal
cytotoxicity characterized by significant decreases in NeuN/Fox-3 IR and thionine staining
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of Nissl bodies in CA1, CA3, and dentate gyrus hippocampal subregions in a similar manner
to a prior study conducted in our laboratory (Reynolds, Berry, et al., 2015). In general, these
findings are consistent with prior findings in which exposure to CIE produced
neurocognitive and neurodegenerative effects, such as cytotoxicity in neocortex (Nagy &
Laszlo, 2002) and hippocampal neurodegeneration in adult rats (Collins, Zou, & Neafsey,
1998; Zhao et al., 2013). Although the neurodegeneration produced by CIE in the adult
hippocampus is notable in the granule cell layer of the dentate gyrus (e.g., Collins et al.,
1998), we observed robust cytotoxicity in the CA1 and dentate gyrus in a developmental
model of CIE. The reasons for these effects are unknown, but could reflect the
developmental expression of glutamatergic (e.g., NMDA) receptors in hippocampal
subregions. For example, Brewer et al. (2007) found that exposure to glutamate (i.e., 30 and
100 mM) produced increased cell death in aged fetal cultures (23e24 days /in vitro) as
compared to immature fetal cultures (8e9 days /n vitro) (Brewer et al., 2007), demonstrating
age-related developmental differences in regard to excitatory neurotransmission.

In the present studies, KT-5720 effectively reversed loss of NeuN/Fox-3 in the pyramidal
cell layer of the CA1 and dentate granule cell layer, but not in CA3. A prior study conducted
in our laboratory has demonstrated a selective vulnerability of immature hippocampal CAl
pyramidal cells to excitotoxic insult (Butler et al., 2010). Although hippocampal CAl
subregion neurotoxicity produced by EWD requires activation of intrinsic polysynaptic
hippocampal pathways and function of NMDA receptors, CA3 and dentate gyrus subregions
are typically more resistant to insult in developing hippocampal explants exposed to a single
period of EWD (Prendergast et al., 2004). Given that the CIE treatment regimen employed
in the present report consists of multiple ethanol and EWD exposure periods, and thereby
was maintained /n vitro for a longer duration of time, we propose that spreading of
cytotoxicity (and reversal of the cytotoxic effects of CIE) from the CA1 to the dentate gyrus
may regulate these region-specific effects of protein kinase inhibition. Consistent with this
notion is a prior study demonstrating re-organization and ade novo sprouting of mossy fiber
tracts from granule cells to pyramidal cells in developing hippocampal explants due to loss
of afferent innervation (Gutie rrez & Heinemann, 1999).

In the present report, we found that concomitant application of ethanol and staurosporine
analog KT-5720 restored NeuN/Fox-3 IR in pyramidal CA1l and granule DG cell layers in a
developmental model of CIE. Thionine staining of Nissl bodies was employed to confirm
immunohistochemical findings in the present report. In general, similar effects were
observed with thionine staining in each subregion, but KT-5720 application during EWD
also restored thionine staining in the CA1. Given that thionine binds to Nissl bodies located
on cytoplasmic RNA and DNA content of all cell nuclei (Ka dar et al., 2009), the
differences between NeuN/Fox-3 and thionine findings with regard to protein kinase
inhibition during EWD within the CA1 is probably due to the ability of KT-5720 to restore
integrity of astrocytes in addition to neurons. Consistent with this notion, adult and fetal
astrocytes express NMDA receptors, and are vulnerable to excitotoxic insult in a similar
manner (Lee et al., 2010). Astrocytes in the developing hippocampus are also sensitive to
EWD (Wilkins et al., 2006). Interactions between neuron growth and glial development are
known to occur in response to ethanol and are regulated in part, via protein kinase activity
(Pascual & Guerri, 2007).
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Worthwhile to note is that there are a number of protein kinases that are inhibited by
KT-5720 in addition to PKA, such as phosphorylase kinase, phosphoinositide-dependent
kinase-1 (PDK1), and mitogen-activated protein kinase (for a review, see Murray, 2008).
The present findings demonstrate that ethanol activates protein kinases, in general, prior to
EWD to promote loss of NeuN/ Fox-3 expression in developing rat hippocampal explants.
However, definitive conclusions about the influence of PKA in promoting the cytotoxic
effects of CIE, in particular, cannot be drawn. For example, Ticku and colleagues found that
KT-5720 inhibited the increased NMDA receptor clustering following CIE in immature
cortical neurons (Qiang et al., 2007). It is possible that inhibition of phosphoinositide-
dependent kinase-1 (PDK1), in addition to cCAMP-dependent protein kinases, regulated these
effects. As another example, a recent study conducted in our laboratory demonstrates
endoplasmic reticulum inositol triphosphate and sigma receptors are stimulated by CIE
during development to promote withdrawal-associated loss of neuron-specific nuclear
protein/Fox-3 (Reynolds et al., 2016). Consistent with this notion, intracellular Ca2p is
implicated in activation of presynaptic protein kinase in modulation of spontaneous g-
Aminobutyric acid (GABA) release following ethanol application in the periadolescent rat
cerebellum (Kelm, Criswell, & Breese, 2007). Others have shown that intracellular Ca2p
mobilization is required for ethanol-induced increases in activity of protein kinases in the
mature hippocampus (Balind, Ledesma, & Aragon, 2014), suggesting that intracellular Ca2p
may also modulate these effects upstream of protein kinase activity.

Collectively, these findings suggest that protein kinase activity prior to EWD regulates the
cytotoxic effects of CIE. These effects are likely mediated, in part, via mobilization of
intracellular calcium from endoplasmic reticulum-bound inositol triphosphate- and sigma
chaperone-proteins prior to withdrawal. These neuro-adaptive changes in protein kinase
activity during development may confer the sensitivity to withdrawal-associated cytotoxicity
following CIE and perhaps contribute to the sedative effects of ethanol and voluntary ethanol
consumption in mature rodents (Thiele et al., 2000; Wand, Levine, Zweifel, Schwindinger,
& Abel, 2001).
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Rat hippocampal explants were exposed to ethanol (50 mM) for 5 days in vitro, followed by
a 24-h period of withdrawal, and repeated three times. KT-5720, a broad-spectrum protein
kinase inhibitor, was applied to ethanol-enriched medium or ethanol-free medium either
discretely during each 5-day ethanol exposure or withdrawal period, in ethanol- and control-

treated hippocampi.
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Fig. 2.

Cg—application of protein kinase inhibitor KT-5720 (1 mM) and ethanol (i.e., 50 mM)
restored the loss of NeuN/Fox-3 IR produced by CIE exposure in the pyramidal cell layer of
CAL. Data are presented as percent control of the mean + SEM. **Statistical significance (p
< 0.05) compared to control-treated hippocampi; #statistical significance (p < 0.05)
compared to drug-naive, ethanol-treated hippocampi. N ¥ 40 for ethanol-treated
hippocampi; N ¥ 40 for hippocampi treated with ethanol and KT during EWD; N ¥ 40 for
hippocampi treated with ethanol and KT concomitantly; N ¥ 38 for control-treated
hippocampi; N ¥ 36 for control-treated hippocampi with KT applied during the EWD
period; N ¥% 25 for control-treated hippocampi with KT applied during CIE.
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Fig. 3.

Neither ethanol-treated hippocampi nor control-treated hippocampi were significantly
altered following application of protein kinase inhibitor KT-5720 (1 mM) in the pyramidal
cell layer of CA3. Data are presented as percent control of the mean + SEM. **Statistical
significance (p < 0.05) compared to control-treated hippocampi. N ¥4 40 for ethanol-treated
hippocampi; N ¥ 40 for hippocampi treated with ethanol and KT during EWD; N ¥ 40 for
hippocampi treated with ethanol and KT concomitantly; N ¥, 38 for control-treated
hippocampi; N ¥4 36 for control-treated hippocampi with KT applied during the EWD
period; N ¥ 25 for control-treated hippocampi with KT applied during CIE.
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Fig. 4.

Cg—application of protein kinase inhibitor KT-5720 (1 mM) and ethanol (i.e., 50 mM)
attenuated the loss of NeuN/Fox-3 IR produced by CIE exposure in the granule cell layer of
the DG. Data are presented as percent control of the mean £ SEM. **Statistical significance
(p < 0.05) compared to control-treated hippocampi; #statistical significance (o < 0.05)
compared to drug-naive, ethanol-treated hippocampi. N % 40 for ethanol-treated
hippocampi; N ¥ 40 for hippocampi treated with ethanol and KT during EWD; N ¥ 40 for
hippocampi treated with ethanol and KT concomitantly; N ¥ 38 for control-treated
hippocampi; N ¥ 36 for control-treated hippocampi with KT applied during the EWD
period; N ¥% 25 for control-treated hippocampi with KT applied during CIE.
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Fig. 5.
Co-application of protein kinase inhibitor KT-5720 (1 mM) and ethanol (i.e., 50 mM)

reversed the loss of thionine staining of Nissl bodies produced by CIE exposure in the
pyramidal cell layer of the CAL. Thionine staining of Nissl bodies was also spared following
application of KT-5720 (1 mM) during EWD in this hippocampal subregion. Data are
presented as percent control of the mean + SEM. **Statistical significance (p < 0.05)
compared to control-treated hippocampi; #statistical significance (p < 0.05) compared to
drug-naive, ethanol-treated hippocampi; N ¥ 24 for ethanol-treated hippocampi; N ¥ 23 for
hippocampi treated with ethanol and KT during EWD; N ¥ 20 for hippocampi treated with
ethanol and KT concomitantly; N ¥4 22 for control-treated hippocampi.

Alcohol. Author manuscript; available in PMC 2019 July 29.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Reynolds et al.

Page 16

= b
o N
? o

Thionione Staining (%CTRL)

Fig. 6.
Co-application of protein kinase inhibitor KT-5720 (1 mM) and ethanol (i.e., 50 mM)

attenuated the loss of thionine staining of Nissl bodies produced by CIE exposure in the
pyramidal cell layer of CA3. **Statistical significance (o < 0.05) compared to control-
treated hippocampi; #statistical significance (o < 0.05) compared to drug-naive, ethanol-
treated hippocampi; N ¥4 24 for ethanol-treated hippocampi; N ¥ 23 for hippocampi treated
with ethanol and KT during EWD; N ¥ 20 for hippocampi treated with ethanol and KT
concomitantly; N ¥ 22 for control-treated hippocampi.
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Fig. 7.
Co-application of protein kinase inhibitor KT-5720 (1 mM) and ethanol (i.e., 50 mM)

attenuated the loss of thionine staining of Nissl bodies produced by CIE exposure in the
granule cell layer of the CA3. **Statistical significance (v < 0.05) compared to control-
treated hippocampi; #statistical significance (o < 0.05) compared to drug-naive, ethanol-
treated hippocampi; N ¥4 24 for ethanol-treated hippocampi; N ¥4 23 for hippocampi treated
with ethanol and KT during EWD; N ¥ 20 for hippocampi treated with ethanol and KT
concomitantly; N ¥4 22 for control-treated hippocampi.
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Fig. 8.
Representative images of NeuN/Fox-3 IR (left panel) and thionine staining of Nissl bodies

(right panel) in control-treated hippocampi (top row), ethanol-treated hippocampi (middle
row), and hippocampi co-exposed to ethanol and KT-5720 (1 mM). The brightness of all
representative images has been increased by 20% in Microsoft PowerPoint so as to better
visualize hippocampal cell layers.
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