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Valtchevaetal.wentontoinjectviral tracers
into the PVN oxytocin neurons of maternal
mice; these viruses move through upstream
neurons in neural circuits, thereby allowing
the authors to label the brain areas that send
auditory information to the oxytocin neurons.
Intriguingly, areas that process conscious
responses to auditory information, such as
the AuCX and the inferior colliculus (IC), are
not directly connected to PVN oxytocin neu-
rons. Instead, the AuCX and IC send pup-call
information through the posterior thalamus,
abrain area in which sensory information is
organized and redirected towards other
regions (Fig.1).

Specifically, the authors found dense pro-
jections fromthe posteriorintralaminar (PIL)
nucleus of the thalamus to the PVN. The PIL
belongs to the non-lemniscal auditory path-
way, which has been suggested to mediate
unconscious perception of sounds, such as
attention, emotional responses and reflexive
reactions®. Recent studies have also high-
lighted therole of the PILand its projections to
hypothalamicareasin the processing of other
social cues in mice” and in the recognition of
social signals in evolutionarily conserved
circuits in zebrafish®,

Valtchevaand colleagues propose anew role
of the PILin the oxytocin PVN circuit that medi-
ates the perception of pup distress calls, and
which could therefore influence the quality
of maternal care. Indeed, when the authors
silenced signalling of the PIL to the oxytocin
PVN neurons, using a technique known as
chemogenetic suppression, they observed
reduced willingness of freely behaving
mothers to make sustained efforts to protect
their pups from potential dangers.

The PIL neurons responded to pup calls
with sustained activity, sometimes firing for
several seconds after the pup callshad ended.
Butalthoughthe projectionsto PVN oxytocin
neuronswere dense, direct and functional, the
synaptic connections from the PIL to the PVN
were not strong enough toinduce direct firing
of oxytocin neurons. Instead, the authors
report an intriguing mechanism in which
strong inhibition of oxytocin-neuron activa-
tion is overcome by the sustained activity of
PIL neurons, thereby aiding the response of
oxytocin neurons to pup calls (see Fig. 3i of
ref.1).

Finally, the authors hypothesized that the
activated PVN neurons cause oxytocin to be
released in downstream brain areas, thereby
promoting maternal behaviour. To test this,
they used agenetically encoded sensor®' that
enabled the labelling of oxytocin molecules
bound to their receptor protein in selected
brain areas when mothers were listening to
the pup distress calls. Thisapproachrevealed
thatoxytocinisindeed released after pup calls,
inaregion called the ventral tegmental area
(VTA). The VTAis one of the core nodes of the
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brain’s reward system, and is known to pro-
duce motivated behaviour and process reward
information. Interestingly, when signalling
fromthe PIL to the oxytocin PVN neurons was
silenced, oxytocinreleaseinthe VTA after pup
calls was negligible.

One of the strongest points of this work
could be also seen as its main limitation. The
highly controlled experimental setup,inwhich
head-fixed mice listened to pre-recorded
pup calls, allowed the authors to obtain
unprecedented mechanistic knowledge of
how oxytocin neurons in this circuit process
information that is highly relevant to natural
animal behaviour. However, the dynamics of
these neurons’ activity during actual natural
behaviour are stillunknown. For example, do
these cells fire differently in response to pup
calls from amother’s own progeny compared
with the recorded calls?

Overall, Valtcheva et al. provide amechanis-
tic understanding of how sensory cues from
offspring are integrated at the level of neural
circuits toactivate therelease of neuromodu-
lators such as oxytocinand promote maternal
care. The demonstration that the activation of
the pathway from the PIL to the oxytocin PVN
neurons is necessary to induce maternal care
raises questions for future research. For exam-
ple,istheactivation of this pathway sufficient
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to drive maternal behaviour in virgin mice?

It is also tempting to think that this circuit
is altered in some postnatal conditions that
affect many women, such as postpartum
depression. If so, then this work might even-
tually help to elucidate the biological mecha-
nisms of these conditions and potentially open
up strategies for drug discovery.
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Organiclasers goelectric

Stéphane Kéna-Cohen

Anorganiclight-emitting diode has been integrated with
anoptically driven organic laser to produce laser light from
electricity. The design bypasses many of the challenges posed
by directelectrical inputin such devices. See p. 746

Thin layers of organic molecules can be
fabricated over large areas at low cost, and
their electrical and optical properties can be
chemically tuned with ease. These character-
istics make organic molecules ideal materials
for thin-filmlasers. The first such lasers** were
developedinthelate1990s, but these devices
needed tobedrivenoptically by asecond laser,
which limited their usefulness. On page 746,
Yoshida et al.* demonstrate an organic laser
thatcanbedrivenelectrically whenintegrated
withaverybright organiclight-emitting diode
(OLED) — creating an all-organic package that
is both powerful and versatile.

Akey component of every laser is a material
called the gain medium, which uses energy to
amplify the intensity of light in the laser. The
use of organic molecules as a gain medium
dates back to the invention of the dye laser*?,

inwhichajet of organic dye solution provided
the amplification (gain) that is essential to
laser operation. Inthat case, the excess energy
came from exciting the dye with asecond laser,
whichprompts the question: why use alaserto
make another laser? One reason is that there
are many molecules to choose from, so the
wavelength of the outgoing light could be
easily tailored by using the right molecule.
Organic molecules also tend to amplify light
overabroaderrange of wavelengths thaninor-
ganicmediado —aproperty thatenabled dye
lasers to be readily tuned and capable of gen-
erating ultrafast light pulses.

But using organic gain media poses some
challenges. The absorption of light by amole-
culeraises the energy of one of the molecule’s
electrons, while leaving a second, identical,
electron behind, unexcited. Importantly,



the total intrinsic angular momentum — or
spin — of these two electrons is unchanged
after absorbing light. In nearly all cases, this
correspondstozerospin,andthe electronspin
configurationis knownas asinglet. However,
there is a small chance that the total spin will
fliptoavalue of one, inwhich case the system
isknownasatriplet.

Electrons in a triplet configuration are
optically dark, meaning that they cannot
emit light. As a result, they stay excited for a
longtime (milliseconds, compared withnano-
seconds for singlets) and this leads to a large
build-up of triplets when an organic laser is
driven continuously. Triplets contribute to
optical loss —unwanted light absorption —in
organiclasers. This negates the gain provided
by the dye, to the point at which laser opera-
tionis prevented completely. Triplets are also
ofteninvolved in processes that canirrevers-
ibly damage the molecules. It was to avoid a
build-up of triplets that liquid solutions had to
becirculated continuously in dye lasers. Even
withsuch precautions, eventual damageto the
molecules required that the dye be replaced
regularly — an extremely messy process.

Although dye molecules wereincorporated
insolid films as early as 1967 (ref. 6), it would
bethree decades before organiclasers would
show potential for rivallinginorganic semicon-
ductor devices. Advancesin organic electron-
ics promised to transition bulky table-top dye
laserstoacompact package —withdimensions
no bigger than a few millimetres — that could
be fabricated on flexible substrates (Fig. 1a).
The first demonstrations of thin-film devices
included light-driven lasers made of polymer
films' and small molecules®. Because dye cir-
culationis not possible in a thin film, organic
solid-statelasers need to be driven with short
laser pulses, spaced several milliseconds apart,
to avoid the build-up of triplets.

Realizing an organic ‘laser diode’ — anelec-
trically driven organiclaser — hassincebeena
long-termgoalin organicelectronics research,
but this feat involves overcoming many new
challenges. First, ahighelectrical current must
beinjected to achieve sufficient gain for las-
ing. However, at high current densities, several
processes reduce the efficiency with which
singlets can be formed in organiclayers’. Sec-
ond, when current is injected in organic thin
films, the spins of the injected charge carriers
(electrons and their positive counterparts,
holes) are randomly oriented. This means
that three out of four excited molecules will
beintheunwantedtriplet state, because there
are three possible triplet states and only one
singlet state. By contrast, just a few per cent
of the molecules are in a triplet state under
optical excitation®,

This further increases the required gain, as
doesopticalloss resulting from the charge car-
riers absorbing light themselves. These pro-
cesses combine to make the required driving
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Figure 1| Organic lasers. Organic materials are attractive for building lasers, but existing devices need to be
driven by another light source. a, Early organic lasers used a second laser to drive the organic material so that
it could amplify light'2. Light from the external laser is absorbed by an organic material that is mounted on a
substrate, and provides the required energy. The high currents required for direct electrical driving would
destroy the organic material before lasing occurs. b, Yoshida et al.> built an organic laser in which an input
current excites an organic light-emitting diode (OLED). The optical power of the OLED is then absorbed by
the organic laser, allowing it to produce laser light. Similar ideas have been attempted before®™, but never
with all-organic components — an impressive feat that is highly promising for future lasing applications.

current so high that devices are destroyed
by heat before they can lase. Organic laser
research has also been fraught with contro-
versy — owing, in part, to some difficulties
in correctly identifying lasing® and to a now-
retracted claim®.

Thefirst credible claim of laser-diode oper-
ation came a few years ago", but the devices
in question could be operated only for a few
pulsesbeforebeingirreversibly damaged, and
the results have been difficult to reproduce.
Other groups bypassed many of the difficulties
associated with electrical driving by building
organic lasers that are driven by inorganic
laser diodes'> ™ or light-emitting diodes®. In

“Inorganic components
cannegate some of the
advantages of using organic
lasers by adding to the cost
andsize of the devices.”

effect, these attempts combined electrical
and optical driving in a single package. How-
ever, integration with inorganic components
can negate some of the advantages of using
organic lasers by adding to the cost and size
of the devices, and by limiting the substrates
onwhich they canbeintegrated.
Yoshidaetal. have succeededin poweringa
green-emitting organic laser structure with a
very bright blue OLED, allowing for electrically
drivenlaser operationinasingle chip (Fig.1b).
To achieve this, the team removed the OLED
from its original substrate and laminated it
onto the laser structure in an exquisite feat
of engineering. One advantage of this archi-
tecture, aside from being practical from an
integrationstandpoint, is thatitenables much
more efficient coupling of the OLED light to

thelaser than would otherwise be achievable.
Thisis crucial, because it more than halves the
current needed for laser operation.

Yoshida and colleagues’ device could be
fabricated on plastic substrates, or in large-
area arrays, which could enable applications
inspectroscopy,imaging and sensing thatare
difficult to imagine for conventional lasers.
Although the device still requires a pulsed
current to reduce heat and triplet build-up,
advances in materials development might be
able to mitigate this problem in the future.
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