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Abstract

Previous investigation by our laboratory found that acute hypernatremia potentiates an
oxytocinergic tone that inhibits parvocellular neurosecretory neurons in the paraventricular
nucleus of the hypothalamus (PVN), attenuates restraint-induced surges in corticosterone (CORT),
and reduces anxiety-like behavior in male rats. To investigate the neural mechanisms mediating
these effects and extend our findings to a more versatile species, we repeated our studies using
laboratory mice. In response to 2.0 M NacCl injections, mice had increased plasma sodium
concentrations which were associated with a blunted rise in CORT subsequent to restraint
challenge relative to 0.15 M NacCl injected controls. Immunofluorescent identification of the
immediate early gene product Fos found that 2.0 M NaCl treatment increased the number of
activated neurons producing oxytocin in the PVN. To evaluate the effect of acute hypernatremia
on PVN neurons producing corticotropin-releasing hormone (CRH), we used the Cre-lox system
to generate mice that produced the red fluorescent protein, tdTomato, in cells that had Cre-
recombinase activity driven by CRH gene expression. Analysis of brain tissue from these CRH-
reporter mice revealed 2.0 M NaCl treatment caused a dramatic reduction in Fos-positive nuclei
specifically in CRH-producing PVN neurons. This altered pattern of activity was predictive of
alleviated anxiety-like behavior as mice administered 2.0 M NaCl spent more time exploring the
open arms of an elevated-plus maze than 0.15 M NaCl treated controls. Taken together, these
results further implicate an oxytocin-dependent inhibition of CRH neurons in the PVN and
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demonstrate the impact that slight elevations in plasma sodium have on hypothalamic-pituitary-
adrenocortical axis output and anxiety-like behavior.
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1. Introduction

In mammals the plasma sodium concentration (pNa*) is regulated by neural, humoral and
behavioral mechanisms that maintain blood tonicity at levels that allow normal
physiological function. Sodium deficiency causes hyponatremia and increases circulating
levels of angiotensin Il (Ang-11) and aldosterone (ALDO) which activate receptors in the
kidney and brain to restore the pNa* to homeostatic levels by promoting the retention and
consumption of sodium. Conversely, excess sodium causes hypernatremia and suppresses
Ang-11 and ALDO but causes the secretion of vasopressin (AVP) and oxytocin (OT) into the
systemic circulation which alleviates the elevated pNa* by promoting renal water retention
and sodium excretion. Thus, the pNa™ is tightly regulated by neurohumoral compensatory
responses that act in the brain and periphery to maintain blood tonicity at homeostatic levels
when challenged with sodium deficiency or excess.

The neuropeptides and hormones that maintain the pNa* are also known to influence mood,
affect, and stress responsiveness. For example, studies conducted in humans and animals
have found that elevated circulating levels of Ang-1l1 and ALDO are predictive of affective
disorder [1] [2] [3] [4], and that OT and AVP are mediators of stress responsiveness and
anxiety [5] [6]. As mentioned, the secretion of Ang-Il, ALDO, AVP, and OT are heavily
influenced by the pNa*, and therefore, it is possible that alterations in body sodium levels
affect stress responding and anxiety-like behavior through manipulation of these
neuroendocrine signals. In this regard, previous work from our group and others have found
that sodium depletion is anxiogenic [7] but acute salt loading is anxiolytic and dampens
stress responsiveness in laboratory rats [8] [9]. While the changes in the pNa* are found to
influence mood and stress responding in rats, whether these effects generalize to mice, and
therefore, allow the use of the genetic manipulations that mouse models afford to investigate
central mechanism(s) underlying the stress limiting effects of acute hypernatremia has not
been evaluated.

The goal of the present study was to determine whether acute modest increases in the pNa*
affect anxiety-like behavior and hypothalamic-pituitary-adrenal (HPA) axis activation in
laboratory mice. Mice were rendered mildly hypernatremic via systemic administration of
2.0 M NacCl, and subsequently, were subjected to psychogenic stress or tests of anxiety-like
behavior. Administration of 2.0 M NaCl produced a modest but significant increase in the
pNa* relative to control injection of 0.15 M NaCl. This modest rise in the pNa* was
associated with attenuated anxiety-like behavior and decreased stress-induced HPA
activation. Both quantitative and qualitative neuroanatomical studies were conducted to
provide insight towards neural mechanisms contributing to the anxiolytic effects of acute
mild hypernatremia. Collectively, the results demonstrate that the stress limiting and
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anxiolytic effects of slight elevations in the pNa* also occur in mice. The implication is that
acutely increasing the pNa* may trigger interactions between neurons expressing OT and
corticotropin-releasing-hormone (CRH) to limit responding to psychological stress.

2. Materials and Methods

2.1 Animals

Studies examining the effects of acute hypernatremia on anxiety-like behavior and HPA
activation used adult male C57BL/6 mice obtained from Harlan. Neuroanatomical studies
utilized the Cre-LoxP system to generate male mice that express red fluorescent protein
(tdTomato) in cells that produce CRH. Briefly, these CRH-reporter mice were generated by
breeding mice that have Cre recombinase expression directed to CRH-producing cells
(Jackson Laboratory Stock # 012704) to mice with a mutation of the Gt(ROSA)26Sor locus
with a loxP-flanked STOP cassette preventing transcription of a CAG promoter-driven
sequence coding for tdTomato (Jackson Laboratory Stock # 007914). All mice were 9-10
weeks old at the initiation of the study and were individually housed on a 12:12 h light/dark
cycle in clear plastic ventilated cages with plumbed water supply. Standard mouse chow
(Harlan) was suspended in a wire rack that also supported an accessory water bottle
allowing ad libitum access to both food and water except where otherwise noted. All
procedures were approved by the Institutional Animal Care and Use Committee of the
University of Florida.

2.2 Restraint Stress and Blood Sampling

Mice were injected subcutaneously with 0.1 mL of either 2.0 M (n=10) or 0.15 M NaCl
(n=10) and returned to their home cages where water was made unavailable. Saline
injections were preceded by 2% lidocaine (~0.01 mL) to minimize discomfort. Sixty-
minutes after saline injections, mice were placed in clear plastic ventilated tubes to initiate a
stress response in the context of normal or elevated pNa*. Tail blood samples (~20 L) were
collected in chilled EDTA-coated plastic collection tubes immediately at the onset of
restraint and again after 30 min of immobilization in plastic restrainers. Mice were then
released and allowed to recover in their home cages where two more blood samples were
taken at 60 min and 120 min relative to the initiation of restraint. Blood samples were kept
on ice until centrifuging at 4° C at 6500 rpm for 15 min. Microcapillary samples were
measured for hematocrit, and plasma was extracted and stored at —80° C until pNa™*, plasma
proteins, and CORT analyses took place. Plasma sodium levels were determined for the
blood sample taken at the onset of restraint using an auto flame photometer as previously
described [9] (Instrumentation Laboratory, Lexington, Massachusetts). Plasma CORT was
determined for each time point a blood sample was taken using an 122 RIA kit (MP
Biomedicals, Santa Ana, California) as previously described [9]. Plasma proteins and
hematocrit were determined for the blood sample taken at the onset of restraint using a
handheld refractometer (VET 360, Reichert) and microcapillary reader, respectively.

2.3 In situ hybridization

RNAscope in situ hybridization (ISH) was performed on brain tissue collected from CRH-
reporter mice to determine the extent to which CRH mRNA co-localizes with tdTomato in
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the PVN. Mice were overdosed with sodium pentobarbital, transcardially perfused with
0.9% saline followed by 4% paraformaldehyde (PFA). Subsequently, brains were extracted,
coronally sectioned at 20 pm into 6 series and then immediately rinsed and mounted onto
Superfrost Plus Gold slides. Tissue collection, sectioning and mounting of sections were
performed in RNase-free conditions. Slides were allowed to air dry for 20-30 min and then
were stored at —80°C until processing for in situ hybridization. Three slides containing
separate series of sections through the PVN were allowed to reach room temperature for 30
min prior to performing the manufacturer’s protocol (Advanced Cell Diagnostics; Hayward,
CA). RNAscope ISH was performed using the following probes: (1) Negative Control,
DapB, (2) Positive control, Ubc, (3) CRH. All images were captured at 40x magnification
and the exposure time was adjusted for each image using the best-fit feature in Axiovision.
Subsequently, the min-max feature was utilized to minimize background fluorescence and
provide optimal visualization of RNA signal. All images were processed using the same
automated parameters.

2.4 Immunohistochemistry

2.4.1—Two separate histological studies were performed: CRH-reporter mice (n = 6) and a
separate group of CRH-reporter mice (n=8) were each further divided into groups given
either 2.0 M NaCl or 0.15 M NaCl and then restrained 60 min later as described above. Mice
were sacrificed 120 min after the onset of restraint (180 min after injections) and stimulated
Fos induction, a marker of neuronal activity, is known to peak during this time [10]. Mice
were overdosed with sodium pentobarbital inducing a level of anesthesia that rendered them
unresponsive to toe-pinch before transcardial perfusion with 0.9% saline. Following the
clearing of blood, mice were perfused with 4% PFA and brains were carefully extracted then
post-fixed for 2 hours in 4% PFA before cryoprotection in 30% sucrose. Four series of
coronal 30 um brain sections were cut on a Leica CM3050 S cryostat (Leica, Buffalo Grove,
Illinois) and then stored in cryoprotective solution at —20° C.

2.4.2—Rinses and solutions were made using 50 mM potassium phosphate buffered saline
(KPBS) and took place at room temperature on an orbital shaker unless otherwise noted.
Immunofluorescent labeling of Fos in brain sections from CRH-reporter mice began by
rinsing free-floating sections 5 x 5 min to remove cryoprotectant. Blocking consisted of 2%
normal donkey serum (Jackson ImmunoResearch, West Grove, Pennsylvania) with 0.2%
Triton-X (Sigma) for 1 h followed by primary antibody incubation with rabbit anti-Fos
(sc-52 1:1000; Santa Cruz) in blocking solution overnight at 4° C. The second day consisted
of rinses 5 x 5 min and incubation for 2 h in blocking solution with donkey anti-rabbit
Alexa-Fluor 647 (1:500; Jackson ImmunoResearch, West Grove, Pennsylvania). After a
final series of rinses, sections were mounted on Superfrost Plus slides (Fisher) in KPB,
allowed to air dry, and then coverslipped using polyvinyl alcohol with DABCO (Sigma).

2.4.3—CRH-reporter mice were used for double-immunofluorescent labeling of OT and
Fos. The protocol used was identical to the one used above (2.4.2) except for the addition of
primary antibody (mouse anti-oxytocin neurophysin, PS-38 1:400; generously provided by
Dr. Gainer, NIH) [11] to the blocking solution containing Fos antibody on day one.
Additionally, the secondary antibody, donkey anti-mouse Alexa-Fluor 488 (1:500; Jackson
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ImmunoResearch, West Grove, Pennsylvania), was mixed with donkey anti-rabbit Alexa-
Fluor 647 in blocking solution on day two.

2.4.4—Following perfusion fixation as detailed above (2.4.1), pituitary glands from CRH-
reporter mice were extracted and cryoprotected with brains in 30% sucrose. 15 pm sections
were thaw-mounted on slides and processed for immunofluorescent identification of
proopiomelanocortin (POMC) at room temperature in a humidified chamber. Following
rinses in KPBS, sections were blocked with a 2% NDS and 0.2% Triton X-100 KPBS
solution and then incubated overnight with primary antibody (Rabbit anti-POMC; 1:1000,
Phoenix Pharmaceuticals) in blocking solution. The following day, slides were rinsed and
sections were incubated for 2 hours in secondary antibody (Alexa 488 Donkey anti-Rabbit;
1:500, Jackson), rinsed, and coverslipped.

2.5 Image capture and analysis

All images were captured using an Axiolmager M.2 fluorescent microscope (Carl Zeiss,
Thornwood, New York) connected to a PC running Axiovision 4.8. Using a Plan-
Apochromat 10x/0.45 M27 objective, z-stacks of tdTomato and Fos expression were
captured through the PVN (from bregma —0.46mm to —1.22mm) using anatomical
landmarks found in The Mouse Brain in Stereotaxic Coordinates 3'd Ed.[12]. Image size
was 1388 x 1040 pixels and each z-step was 1 pm with an average of 20 optical sections per
PVN image. Excitation/emission spectra used to image tdTomato and Fos were 540/580 nm
and 649/670 nm, respectively. Exposure time was automatically set by the software and
varied from 400-600 ms for the channel capturing tdTomato images and 1-3 s for the
channel capturing Fos images. Quantification of Fos positive tdTomato neurons took place
by first opening each z-stack in Axiovision 4.8 and then marking co-labeled neurons using
an event marker function. To verify that Fos-positive nuclei were within tdTomato neurons,
z-stacks were scrolled through and channels were turned on and off as needed. Fos counts
were performed by personnel blind to treatment conditions on matched sections from both
sides of the PVN and then averaged for animals injected with 0.15 M NaCl and 2.0 M NaCl.
Image capture and analysis of Fos positive OT neurons was performed using the same
methods. Visualization of OT used an excitation/emission of 470/509 and exposure of ~700
ms while parameters for Fos were similar to those described above.

2.6 Behavioral Testing

Naive C57BL/6 mice were injected with 2.0 M NaCl (n=13) or 0.15 M NaCl (n=12) and
water deprived for 60 min before assessment of anxiety-like behavior on an EPM. During
the light phase, mice were brought one at a time into a procedure room with a black curtain
which separated the EPM from the experimenters. Testing began by placing a mouse in the
center of an orthogonally-oriented two plank maze (62 cm x 62 cm) facing an open arm. A5
min period of exploration was recorded by a ceiling-mounted video camera connected to a
PC running TopScan software (TopScan; CleverSys, Reston, Virginia). Simultaneous video
tracking of the mouse’s position allowed for the automated scoring of time spent in the open
arms and total distance traveled. The testing apparatus was cleaned with 30% ethanol
between subjects.
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2.7 Statistics

All data presented as mean +/— SEM. Plasma sodium, hematocrit, plasma proteins, EPM
data, Fos positive OT cells and Fos positive CRH cells were assessed with a 2-tailed t test.
Plasma CORT was analyzed using a 2-factor ANOVA using GraphPad Prism version 5.04
for Windows (GraphPad Software; San Diego, California).

3. Results

3.1 Subcutaneous delivery of 2.0 M NaCl modestly increases pNa* but blunts restraint-
induced elevations in plasma CORT

3.1.1—Analysis of blood samples taken from mice given injections of 2.0 M NaCl found a

slight but significant increase in pNa* relative to controls injected with 0.15 M NaCl (Figure
1A). Hematocrit and plasma protein measurements were similar between hypernatremic and
control mice.

3.1.2—Plasma CORT analysis revealed a significant time X condition interaction [Figure 2,
F(3,39) = 3.48, (P<0.05)]. Restraint increased CORT at 30 min compared to baseline
concentrations in both groups; however, mice injected with 2.0 M NaCl had an attenuated
rise at 30 and 60 min compared with mice injected with 0.15 M NacCl. This attenuation was
specific to these time points as both baseline and 120 min CORT concentrations were not
significantly different between groups. With respect to interpolated time points, the area
under the curve was also decreased relative to controls [Figure 2 inset, (P<0.05)].

3.2 tdTomato expressing neurons are consistent with CRH expression in the
hypothalamus and pituitary

Figure 3 (A-C) depicts a unilateral PVN fluorescent photomicrograph from a coronal
section taken from the brain of a CRH-reporter mouse and processed for in situ
hybridization. Highly specific single-strand fluorescent labeling of CRH mRNA revealed
consistent co-localization of CRH probe and tdTomato fluorescence (Figure 3C). Figure 3D
shows a qualitative image of the ventral portion of a coronal brain section taken from the
hypothalamus of a CRH-reporter mouse and processed for immunofluorescent labeling of
OT. Consistent with hypothalamic-pituitary axonal projections, green OT fibers and red
tdTomato fibers are seen in the internal and external zones of the median eminence,
respectively. Figure 3E depicts a coronal section through the anterior pituitary of a CRH-
reporter mouse processed for immunofluorescent labeling of POMC. POMC and tdTomato
colocalize (inset) in pituicytes consistent with CRH activation of corticotrophs.

3.3 Acute hypernatremia inversely affects restraint-induced activation of CRH and OT
neurons in the PVN

Figure 4 shows photomicrographs of atlas matched sections through the PVVN containing
tdTomato reporting of CRH positive neurons and immunofluorescent labeling of Fos.
Whereas control mice (Figure 4A) expressed robust restraint-induced Fos expression in
CRH neurons, this same region displayed fewer activated CRH neurons following 2.0 M
NaCl injection (Figure 4B). Compared with mice injected with 0.15 M NaCl, mice injected
with 2.0 M NaCl had significantly less (P<0.05) restraint-induced Fos positive CRH neurons
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(Figure 4C). Conversely, mice injected with 2.0 M NaCl and restrained (Figure 5B)

exhibited a significant [Figure 5C, (P<0.05)] increase in Fos induction in OT neurons

relative to controls (Figure 5A).

3.4 Slight elevations in the pNa* are associated with decreased anxiety-like behavior in the

EPM

Mice injected with 2.0 M NaCl spent more time exploring the open arms of an EPM than
mice injected with 0.15 M NaCl [Figure 6A, (P<0.05)]. This increased exploration was not
due to an overall increase in locomotion as the total distances traveled were similar between
groups (Figure 6B).

4. Discussion

The goal of the current study was to determine whether the anxiolytic and stress dampening
effects of acute mild hypernatremia occur in laboratory mice. To this end, mice systemically
delivered 2.0 M NaCl had a modest but significant increase in the pNa* relative to control
mice treated with 0.15 M NaCl. The slight rise in the pNa* that was observed in mice
administered 2.0 M NaCl was associated with an attenuated restraint-induced activation of
the HPA axis and increased time spent in the open arms of an EPM. We conducted
neuroanatomical studies to evaluate how acute hypernatremia may interact with restraint-
stress to affect Fos induction, a marker of neuronal activation, in PVN neurons expressing
OT or CRH. Acute hypernatremia elicited robust Fos induction within OT neurons but
significantly decreased Fos within CRH neurons. Our results, in conjunction with previous
studies, suggest that acute hypernatremia dampens stress responsiveness, in part, by
promoting OT-mediated inhibition of CRH neurons. The implication is that increased salt
intake may be used as a coping strategy to alleviate the impact of psychological stressors.

Mice rendered hypernatremic via systemic administration of 2.0 M NaCl had a slight (~2%)
but significant increase in the pNa* relative to control mice delivered 0.15 M NaCl. While
this increase stimulates OT and AVP release as well as osmotically driven water intake [13]
[14], the elevation in the pNa* observed in our study is modest relative to the order of
magnitude (10% increase) that is required to increase brain osmolytes to defend the CNS
against the damaging effects of severe hypernatremia [15]. Our experimental paradigm, does
however, produce an increase in the pNa™ that is strikingly similar to that which occurs in
humans and animals given excess dietary sodium to cause increases in blood pressure or the
development of salt-sensitive hypertension, respectively [16] [17] [18] [19] [20]. Thus, our
experimental model of hypernatremia produces a modest increase in the pNa* that likely
affects cardiovascular function as well as endocrine and behavioral responses to
psychogenic stress.

Activation of the HPA axis is an endocrine measure of stress responsiveness that is initiated
by excitation of CRH neurons in the PVN which stimulate ACTH secretion from the
anterior pituitary, which in turn, promotes CORT release from the adrenal cortex. Relative
to isonatremic controls, mice rendered mildly hypernatremic had decreased plasma CORT
subsequent to the onset of restraint. These results are in agreement with our previous studies
demonstrating that rats subjected to a similar degree of hypernatremia have decreased
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plasma CORT subsequent to a restraint challenge [8] [9]. Our previous study also
determined that acute hypernatremia decreases the secretion of adrenocorticotropic-
releasing-hormone (ACTH) into the systemic circulation [8]. Because the release of ACTH
is controlled by excitation of CRH neurons in the P\VN we hypothesized that acute
hypernatremia may attenuate Fos induction in PVN neurons producing tdTomato, a marker
for CRH expression. Importantly, mRNA for CRH was present in ~ 95% of all tdTomato
producing neurons in the PVN, thereby demonstrating the validity of CRH-reporter mice.
Consistent with our hypothesis, restraint-evoked Fos induction of tdTomato producing
neurons was significantly decreased in mice subjected to acute hypernatremia relative to
controls. Taken together, these results suggest that acute hypernatremia dampens stress-
induced activation of the HPA axis by inhibiting CRH neurons in the PVN.

Hypernatremic mice had strong Fos induction in OT neurons in the PVN relative to
isonatremic controls and these results are consistent with those from our previous research
using rats to demonstrate that acute hypernatremia combined with restraint more than tripled
the number of Fos positive OT neurons in the PVN compared to restraint alone [8]. Work
conducted by Ludwig and colleagues established that systemic hypernatremia triggers the
dendritic release of OT, which produces robust and sustained elevations in central levels of
this peptide [21]. Given that exogenous administration of OT decreases stress-induced
activation of the HPA axis [22] [23], it is possible that acute hypernatremia triggers
endogenous release of OT within the CNS, which inhibits activation of CRH neurons, and
consequently, blunts HPA activity. In support of this, electrophysiological studies conducted
by Frazier and colleagues [9] revealed that acute hypernatremia created an inhibitory tone on
putative CRH neurons that was dependent on activation of oxytocin receptors. Therefore,
elevating the pNa™ may cause activation of osmosensitive OT neurons in the hypothalamus,
which influence excitation of neurons responsive to psychogenic stress by releasing OT into
the CNS.

Hypernatremia and restraint likely utilize different neural circuits to activate the PVN and
both are known to elicit robust Fos induction in this nucleus [24, 25]. Our previous study
found that hypernatremia followed by restraint significantly increased Fos in OT and AVP
containing neurons; however, the total number of cells expressing Fos within the PVN was
similar to that of isonatremic animals subjected to restraint [8]. These results suggested that
the effects of hypernatremia and restraint were not additive. Given that hypernatremia
blunted restraint-induced activation of the HPA axis [8], we hypothesized that
hypernatremia activated OT and AVP containing neurons, but inhibited CRH containing
neurons in the PVN. Consistent with this hypothesis, the present study determined that
hypernatremia followed by restraint significantly decreased Fos induction in tdTomato
expressing neurons in the PVN. Taken together, the results suggest that hypernatremia
selectively activates OT and AVP containing neurons in the PVN but inhibits those that
express CRH, which accounts for the similarities in total Fos induction observed between
hypernatremic and isonatremic animals subjected to restraint.

In addition to attenuating stress-induced activation of the HPA axis, the present study found
that acute hypernatremia decreased anxiety-like behavior in the EPM relative to that of
isonatremic controls. Once again, these results are consistent with those from our previous
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studies using rats that found that slight elevations in the pNa* are anxiolytic, especially in
social situations [8] [9]. Central administration of OT decreases anxiety-like behavior in the
EPM [26] and OT efferents are found in limbic brain regions [27] like the amygdala, that are
heavily implicated in the expression of fear and anxiety-like behavior [28]. Of relevance,
some of the OT efferents in the amygdala arise from magnocellular oxytocinergic neurons in
the PVN and supraoptic nucleus [27]. Magnocellular oxytocinergic neurons are
osmosensitive and become excited by elevations in the pNa* [29]. Therefore, it is possible
that the anxiolytic effects of acute hypernatremia result from excitation of osmosensitive OT
neurons with axonal projections to limbic brain nuclei controlling the expression of fear and
anxiety-like behavior.

Collectively our results demonstrate that the anxiolytic and stress dampening effects of acute
hypernatremia extend to mice. Consequently, these results allow the use of mice and the
genetic manipulations that this animal model affords to further investigate the neural and
humoral mechanism(s) underlying the stress limiting effects of acute hypernatremia. From a
broader perspective, our results may provide insight as to why some patients with salt-
sensitive hypertension and high levels of life-stress [30] [31] [32] also have difficulties
complying with restricted dietary sodium intake [33].
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Fig. 1.

Plgsma measurements from mice 60 min after 2.0 M or 0.15 M NaCl injections. (A)
Injections of 2.0 M NaCl significantly increased pNa* relative to control injections of 0.15
M NaCl, but had no effect on (B) hematocrit or (C) plasma proteins. *p<0.05 Error bars
indicate SEM.
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Fig. 2.
2.0 M NaCl administration reduces the CORT response to restraint stress relative to 0.15 M

NaCl. The integrated CORT response was also significantly reduced. *p<0.05 0.15 M NaCl
vs 2.0 M NaCl. AUC=Area Under the Curve. Error bars indicate SEM.
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Fig. 3.
Representative images of tdTomato expression. TOP: A unilateral coronal section through

the PVN depicting two images of the same set of neurons labeled for (A) CRH mRNA probe
amplification (green) and (B) tdTomato (red soma). A merged image (C) illustrates a high
degree of CRH mRNA and tdTomato co-localization. Scale bars =20 um. BOTTOM:
tdTomato expression adjacent to (D) OT in the median eminence and (E) colocalized with
POMC in the anterior pituitary. Scale bars = 100 pm. Inset scale bar = 5 pm.
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Fig. 4.
2.0 M NaCl injection attenuates restraint-induced activation of CRH neurons. (A)

Representative photomicrograph of a unilateral coronal section through the PVN depicting
Fos induction (cyan nuclei) in tdTomato (red soma) containing neurons following 0.15 M
NaCl and restraint. (B) Representative photomicrograph of a unilateral coronal section
through the PVN depicting Fos induction in tdTomato containing neurons following 2.0M
NaCl and restraint. (C) The group mean for Fos induction in tdTomato containing neurons
was significantly less for mice subjected to 2.0 M NaCl injection and restraint relative to
control. *p<0.05 Scale bars = 50 pm.
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Fig. 5.
2.0 M NaCl administration and restraint increases activation of OT-producing cells in the

PVN. (A) Representative photomicro- graph of a unilateral coronal section depicting Fos
induction (red nuclei) in OT (green cell bodies) containing neurons following 0.15 M NaCl
and restraint. (B) Representative photomicrograph of a unilateral coronal section depicting
Fos induction in OT neurons following 2.0 M NaCl and restraint. (C) The group mean for
Fos induction in OT-producing cells was significantly more for mice subjected to 2.0 M
NaCl injection and restraint relative to control. *p<0.05 Scale bars = 50 pm.
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Fig. 6.

Acute hypernatremia attenuates anxiety-like behavior. (A) Mice treated with 2.0 M NaCl
spent a greater proportion of time exploring the open arms of an EPM than mice treated with
0.15 M NaCl. (B) Overall locomotion was unaffected by 2.0 M NacCl as total distance
traveled was similar for each group. * p < 0.05. Error bars indicate SEM.
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