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The aversive quality
of thirst drives the
desire to quench it.

-

Neurons that drive and quench thirst

Median preoptic neurons modulate water intake and the urge to drink

By Claire Gizowski and
Charles W. Bourque

hirst is a vital primordial emotion that
motivates fluid intake to compensate
for incessant water loss incurred as
a result of breathing, sweating, and
urine production. Indeed, the mainte-
nance of adequate hydration is a pre-
requisite for life and, accordingly, the desire
to drink emerges as soon as the body’s water
content declines by 1 to 2%, and this feeling
intensifies progressively with further deple-
tion (7-3). Although regions in the brain that
are critical for water intake have been known
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for more than 60 years, the identification and
functional analysis of thirst-related neurons
only became possible with the recent advent
of genetically targeted photoactivation and
photometry, methods that respectively allow
manipulation and monitoring of electrical
activity in vivo, using fiber-optic microprobes
(4-7). On page 1149 of this issue, Allen et al.
(8) reveal the existence of neurons that spe-
cifically encode the intensity and aversive
quality of thirst within the median preoptic
nucleus (MnPO) of the hypothalamus.
Previous studies have identified primary
sensory neurons and pathways that can
drive homeostatic forms of thirst, as well as
water intake that occurs in anticipation of an
impending deficit (7). For example, decreases
in blood volume (hypovolemia) can promote
homeostatic thirst through the activation of
cardiopulmonary receptors that relay signals
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to forebrain thirst regions via poorly under-
stood mechanisms involving the regions of
the brain called the nucleus tractus solitar-
ius (NTS) and parabrachial nucleus (PBN)
(3), and by activation of subfornical organ
(SFO) neurons in response to increased con-
centrations of circulating angiotensin II (2,
9). Similarly, increases in the electrical activ-
ity of intrinsically osmosensitive neurons in
the organum vasculosum lamina terminalis
(OVLT) can drive homeostatic water intake
in response to systemic hypertonicity (which
occurs when the amount of water decreases)
(I). Excitation of these neurons by an input
from the suprachiasmatic nucleus, the inter-
nal “body clock,” induces anticipatory water
intake prior to sleep (10). Although func-
tional imaging studies in humans have indi-
cated that perception of thirst may involve
the anterior cingulate cortex (ACC) and in-
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sula (I1), it remained unknown
if the multiple stimuli that can
drive thirst can be integrated
at the subcortical level and
whether such neurons could
also encode qualities of the
emotion that serve to motivate
water-intake behavior, such as
negative valence (the aversive
feeling evoked concurrently
with thirst).

Using transgenic mice in
which gene expression can be
directed to specific subsets of
physiologically activated cells,
Allen et al. identified a sub-
set of glutamatergic MnPO
neurons, the activity of which
varies in proportion to the in-
tensity of the drive for water
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intake invoked by dehydra- (unknown)
tion, a stimulus that causes

both  hyperosmolality and
hypovolemia. The MnPO is High

interposed between the SFO
and OVLT, and neurons in this
area receive information from
brainstem nuclei including the
NTS and PBN. Notably, the au-
thors found that glutamatergic
MnPO neurons could be acti-
vated by hypertonicity alone,
suggesting that they receive
osmosensory signals from the Low
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Thirst-encoding neurons
The MnPO of the hypothalamus contains neurons that integrate
multiple thirst-generating stimuli (1to 5).

Therefore, the suppression of
MnPO neuron activity during
water intake must be medi-
ated by satiety signals ascend-
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& angiotensin |l interoceptive gastric inputs
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signals
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4 Oropharyngeal
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5 Response to
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The activity of MnPO neurons
' scales in proportion with the aversive
quality of the thirst emotion (negative
valence) and motivation to drink. Thirst
is quenched when the activity of MnPO
neurons is reduced by satiety signals.

(12) or oropharyngeal inputs
(9, 13). Indeed, solute and
stretch receptors send signals
to brainstem nuclei such as the
PBN and NTS (14, 15), which
may then provide regulatory
inputs to the MnPO to inhibit
neuron activity. Additionally,
oropharyngeal signals can in-
hibit SFO neurons that drive
water intake (9), suggesting
that signals of this type could

Sated signals contribute to the early inhibi-
22727 Hypothetical tion of MnPO neurons either
pathways

directly or via the SFO.

The study of Allen et al.
has made substantial strides
toward illuminating how a
subset of MnPO neurons medi-
ates water intake and encodes
emotional qualities associated
with thirst. However, several
avenues remain to be explored.
For example, it is unclear how
the activity of MnPO neurons
stimulates thirst, and whether
this involves a projection to
cortical regions such as the

OVLT. Moreover, retrograde
tracing with a virally mediated
labeling approach showed that these specific
neurons also receive synaptic inputs from the
SFO and PBN. Therefore, MnPO neurons are
well poised to integrate multiple thirst-gener-
ating stimuli (see the figure).

According to the “drive reduction” hypoth-
esis of goal-directed behavior, dehydration
should promote water intake to suppress
the negative valence of the thirst emotion. If
and how this can be achieved at the neuronal
level was unknown before now. Using fiber
photometry to monitor GCaMP fluorescence
changes as a surrogate for population firing,
the authors found that MnPO neuron activ-
ity is proportionally scaled to the intensity
of the aversive state. As mice ingested water
to quench thirst, fluorescence intensity de-
creased; conversely, fluorescence intensity
increased in response to thirst-promoting
stimuli, such as hypertonicity. Moreover,
using water-replete mice trained to press a
lever to obtain water, the authors showed
that photoactivation of MnPO neurons at
different frequencies causes a proportional
increase in lever pressing. Thus, the activity
of MnPO neurons is proportional to thirst
and is sufficient to drive water intake. Next,
evidence that MnPO neurons can encode

Thirsty
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negative valence associated with thirst was
provided by two observations: A real-time
place preference assay revealed that mice
avoid the side of the chamber associated with
photoactivation of MnPO neurons, indicat-
ing that MnPO neuron activity is aversive;
and, mice provided with an opportunity to
shut off photoactivation of MnPO neurons by
lever pressing did so vigorously. Thus, MnPO
neuron activity proportionally encodes the
aversive sensation of thirst and drives water
intake to reduce activation of these neurons.

Similar to findings in the SFO (9), Allen
et al. observed that suppression of MnPO
neuron activity and cessation of water intake
in thirsty mice that were provided water ad
libitum occurred well before osmolality and
volemia could be restored through gastric re-
absorption. Moreover, when water repletion
was slowed through lever-pressing protocols,
neuronal activity declined gradually until a
minimum level was reached that coincided
with the cessation of drinking. These data
indicate that the MnPO neurons receive
quantitative real-time feedback information
from afferent inputs that proportionately
inhibit MnPO neuron activity as satiety is
progressively achieved through water intake.

Published by AAAS

Sated ACC and insula. Also unclear is

how negative-valence informa-
tion encoded by MnPO neurons is relayed to
central sites that confer the aversive qualities
of thirst, whether there is a role for reward
signals (positive valence), and how satiety
signals are relayed to the MnPO. Future stud-
ies aimed at answering these questions will
enhance our understanding of this essential
primordial emotion.

REFERENCES

1. C.W.Bourque, Nat. Rev. Neurosci. 9,519 (2008).

2. J.T.Fitzsimons, Physiol. Rev. 78,583 (1998).

3. M.J.McKinley,A.K.Johnson, News Physiol. Sci. 19,1(2004).

4. C.A.Zimmerman,D.E.Leib,Z.A.Knight, Nat. Rev. Neurosci.

18,459 (2017).
5. S.B.G.Abbott,N.L.S.Machado, J. C. Geerling, C. B. Saper,
J.Neurosci. 36,8228 (2016).
6. Y.Oka,M.Ye,C.S.Zuker, Nature 520,349 (2015).
7. H.L.Nation, M. Nicoleau, B.J. Kinsman, K.N. Browning,
S.D. Stocker, J. Neurophysiol. 115, 3123 (2016).

. W.E.Allenetal., Science 357,1149 (2017).

. C.A.Zimmermanetal., Nature 537,680 (2016).

. C.Gizowski, C.Zaelzer,C.W.Bourque, Nature 537,685

(2016).

11. P.Sakeretal.,Proc. Natl. Acad. Sci. U.S.A. 111,5379 (2014).

12. E.M.Stricker,M.L.Hoffmann, Physiol. Behav. 91,404
(2007).

13. D.Zocchi, G.Wennemuth, Y. Oka, Nat. Neurosci. 20,927
(2017).

14. A.S.Paintal,J. Physiol. 126,255 (1954).

15. C.H.Malbert, L. M. Leitner, Am.J. Physiol. 265, G310 (1993).

O W o

10.1126/science.aao5574

15 SEPTEMBER 2017 « VOL 357 ISSUE 6356 1093

/T0Z ‘vT Jaquiaidas uo /610’ Bewaousios aouaios//:dny woly papeojumod


http://science.sciencemag.org/

Science

Neurons that drive and quench thirst
Claire Gizowski and Charles W. Bourque

Science 357 (6356), 1092-1093.
DOI: 10.1126/science.aa05574

ARTICLE TOOLS http://science.sciencemag.org/content/357/6356/1092
REFERENCES This article cites 15 articles, 7 of which you can access for free

http://science.sciencemag.org/content/357/6356/1092#BIBL

PERMISSIONS http://www.sciencemag.org/help/reprints-and-permissions

Use of this article is subject to the Terms of Service

Science (print ISSN 0036-8075; online ISSN 1095-9203) is published by the American Association for the Advancement of
Science, 1200 New York Avenue NW, Washington, DC 20005. 2017 © The Authors, some rights reserved; exclusive
licensee American Association for the Advancement of Science. No claim to original U.S. Government Works. The title
Science is a registered trademark of AAAS.

/TOZ ‘vT Jequiaidas uo /6o Hewsousios aoualos//:dny woly papeojumod


http://science.sciencemag.org/content/357/6356/1092
http://science.sciencemag.org/content/357/6356/1092#BIBL
http://www.sciencemag.org/help/reprints-and-permissions
http://www.sciencemag.org/about/terms-service
http://science.sciencemag.org/

