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Innovative Methodology

An arterially perfused nose-olfactory bulb preparation of the rat

Fernando Pérez de los Cobos Pallarés,"? Davor Stani¢,” David Farmer,” Mathias Dutschmann,’

and Veronica Egger'?
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*Neurophysielogy, Zoological Institute, Regensburg University, Regensburg, Germany; and *Florey Institute of Neuroscience
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Pérez de los Cobos Pallarés F, Stani¢ D, Farmer D,
Dutschmann M, Egger V. An arterially perfused nose-olfactory bulb
preparation of the rat. J Neurophysiol 114: 2033-2042, 2015. First
published June 24, 2015; doi:10.1152/jn.01048.2014.—A main fea-
ture of the mammalian olfactory bulb network is the presence of
various rthythmic activities, in particular, gamma, beta, and theta
oscillations, with the latter coupled to the respiratory rhythm. Inter-
actions between those oscillations as well as the spatial distribution of
network activation are likely to determine olfactory coding. Here, we
describe a novel semi-intact perfused nose-olfactory bulb-brain stem
preparation in rats with both a preserved olfactory epithelium and
brain stem, which could be particularly suitable for the study of
oscillatory activity and spatial odor mapping within the olfactory bulb,
in particular, in hitherto inaccessible locations. In the perfused olfac-
tory bulb, we observed robust spontaneous oscillations, mostly in the
theta range. Odor application resulted in an increase in oscillatory
power in higher frequency ranges, stimulus-locked local field poten-
tials, and excitation or inhibition of individual bulbar neurons, similar
to odor responses reported from in vivo recordings. Thus our method
constitutes the first viable in situ preparation of a mammalian system
that uses airborne odor stimuli and preserves these characteristic
features of odor processing. This preparation will allow the use of
highly invasive experimental procedures and the application of tech-
niques such as patch-clamp recording, high-resolution imaging, and
optogenetics within the entire olfactory bulb.

neural oscillation; theta rhythm; olfactory bulb; odor coding; brain
stem

IN MAMMALS, ODORANTS INTERACT with receptors on the cilia of
olfactory sensory neurons located in the olfactory epithelium.
All olfactory sensory neurons that express the same olfactory
receptor have axonal projections onto one or several specific
glomeruli in the olfactory bulb (Mombaerts et al. 1996). Here,
the axons connect directly or disynaptically to glutamatergic
mitral and tufted cells (Gire et al. 2012; Najac et al. 2011) for
which axons in turn project into higher structures such as the
olfactory cortex. The first steps of odor processing in the
olfactory bulb are performed within at least two elaborate
networks that involve complex synaptic interactions between
I) mitral and tufted cell apical dendritic tufts and diverse
subtypes of periglomerular neurons within the glomerular layer
and 2) mitral and tufted cell lateral dendrites with inhibitory
granule cells within the external plexiform layer (Aungst et al.
2003; Shepherd and Greer 1990).

Address for reprint requests and other correspondence: F. Pérez de los
Cobos Pallarés, Regensburg Univ. - Fakultit fiir Biologie und Vorklinische
Medizin, Universititsstr. 31, D-93053 Regensburg, Germany (e-mail:
Fernando.Perez@biologie.uni-regensburg.de).
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A main feature of these networks is the presence of oscilla-
tory activity, in both the fast gamma and slow theta range, with
the latter known to be coupled to the respiratory rhythm (e.g.,
Adrian 1950; Bressler 1987; Buonviso et al. 1992; Chaput and
Holley 1980; Freeman and Schneider 1982; Macrides and
Chorover 1972; Margrie et al. 2001; Onoda and Mori 1980;
Rubin and Katz 1999; Spors and Grinvald 2002). Whereas the
origin of theta oscillations is more associated with the glomer-
vlar layer network (e.g., Fukunaga et al. 2014; Schoppa and
Westbrook 2001; Wachowiak and Shipley 2006), faster oscil-
lations emerge from local dendrodendritic interactions between
mitral cells and granule cells in the case of gamma oscillations
(Fukunaga et al. 2014; Lagier et al. 2004; Schoppa 2006).
Top-down inputs to the external plexiform layer drive beta
oscillations (Chabaud et al. 2000; Fourcaud-Trocmé et al.
2014:; Neville and Haberly 2003). During odor sensing, slow
and fast oscillations can interact within individual mitral cells,
a phenomenon called theta-gamma coupling that also occurs in
hippocampal networks (Buzsdki and Draguhn 2004; Lisman
2005). This interaction governs the spiking activity of mitral
cells and is thought to be crucial for olfactory coding (e.g.,
Cang and Isaacson 2003; Margrie and Schaefer 2003).

These mechanisms of network odor processing are difficult
to investigate in vivo due to movement artifacts, limitation of
access to the dorsal side of the olfactory bulb, and interference
with anesthesia (e.g., Kato et al. 2012; Li et al. 2012). To
address these issues, in situ isolated and perfused whole brain
preparations have been used since early in the 1980s, when
whole brain preparations of guinea pigs and frogs were devel-
oped to study olfactory networks (Alonso et al. 1990; de Curtis
et al. 1991; Delaney and Hall 1996; Ishikawa et al. 2007;
Llinds et al. 1981; Miihlethaler et al. 1993). Because of ethical
issues associated with whole brain approaches in vitro as well
as experimental limitations (e.g., tissue hypoxia), such prepa-
rations did not become popular. Alternative in vitro techniques
such as acute brain slices offer only limited possibilities to
investigate oscillatory activity due to the severe reduction of
network connectivity and of course do not allow for physio-
logical stimulation. Oscillations in bulb slices are dampened
after a few cycles when triggered by electrical stimulation of
the sensory afferents (Carlson et al. 2000; Friedman and
Strowbridge 2003; Lagier et al. 2004; Schoppa and Westbrook
2001) or require pharmacological stimulation such as perfusion
with NMDA to persist (Schoppa and Westbrook 2001).

Here, we present a novel in situ technique that circumvents
these problems. Our method is based on established techniques
for studying autonomic brain-stem function (Paton 1996). We
demonstrate that in this preparation the olfactory bulb can be
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reliably perfused via the ophthalmic artery and thus kept
viable, allowing for detection of odor responses and oscillatory
activity. Potential applications of the preparation include in-
vestigations of rhythmic neuronal activity and interactions
between odor sensing and respiration. Odor mapping within a
large spatial range is also possible due to the accessibility of
wide parts of the bulbar surface. Since the preparation is
decerebrated, there are fewer ethical concerns compared with
in vivo or whole brain approaches. This technique thus com-
plements established in vivo and in vitro methods.

METHODS

All experiments were approved in accordance with the stipulations
of the German law governing animal welfare (Tierschutzgesetz).
Figure 1A shows a schematic representation of the preparation and
experimental setup.

The perfised olfactory bulb-brain stem preparation. As described
previously (Paton 1996), juvenile Wistar rats (postnatal days 17-21)
were deeply anesthetized with isoflurane (1-chloro-2,2,2-trifluoro-

A

BULB PREPARATION

ethyl difluoromethyl ether; Abbott, Wiesbaden, Germany). As soon as
the animal failed to respond to tail pinch, it was transected caudal to
the diaphragm and transferred into an ice-cooled chamber filled with
artificial cerebrospinal fluid (ACSF; in mM: 1.25 MgSO,-7THO,, 1.25
KH,PO,, 3 KCI, 125 NaCl, 25 NaHCOj, 2.5 CaCl,-2H,0, 10 p-glu-
cose). The lower body was discarded. The animal was decerebrated at
the precollicular level, and the skull was opened. The forebrain was
entirely removed by suction, leaving intact solely the olfactory bulb.
To ensure the anatomic integrity of the olfactory bulb, remaining
small adjacent fragments of the piriform cortex and the brain stem
were left untouched. After removing both lungs, the dorsal left
phrenic nerve was isolated from the pericardial sac and cut at the level
of the diaphragm to record subsequently the respiratory (inspiratory)
activity (Paton 1996). To prevent mechanical and electrical artifacts,
the heart was removed after previous ligation of the major ascending
arteries with suture (for details, see Dutschmann et al. 2009). The
descending aorta was then isolated from the spinal cord. Next, the
preparation was transferred to the recording chamber, and the de-
scending aorta was cannulated (¢ 0.8 X 38 mm; B. Braun Melsungen).
The preparation was perfused via the aorta with ACSF containing
1.25% Ficoll PM 70 (sucrose-polymer; Sigma) to provide oncotic

Olfactory
bulb

— N
AORTA
PHRENIC _|A
NERVE
N CANNULA
RECORDING
ELECTRODE

T ACSF + FICOLL

AMPLIFIER|
/FILTER

Ophthalmic
AIR COMPRESSOR OLFACTOMETER artery
g § @ Carotid
AMPLIFIER / FILTER artery
«—
AIRFLOW ODORANT
Brainstem
\‘L
/ OLFACTORY
RECORDING BULB Jva
ELECTRODE a Recording after re-perfusion 5s
BRAINSTEM

Recording after re-perfusion after first two odor exposures

Fig. 1. Schematic depiction of the perfused nose-olfactory bulb-brain stem preparation and “resuscitation” of network activity. A: the entire preparation was
perfused via the cannulated descending aorta. Odor application was performed via a computer-controlled olfactometer, whereas odor-evoked LFPs or multiunit
activity (MUA) were recorded from the olfactory bulb. In parallel, the activity of the respiratory brain stem was monitored via phrenic nerve activity (PNA)
recording. ACSF, artificial cerebrospinal fluid. B: the diagram shows the main blood vessels that supply the olfactory bulb and the brain stem. The perfusion of
the preparation allows for the oxygenation of the olfactory bulb via the intact ophthalmic artery, whereas the brain stem is oxygenated via the basilar artery. C:
sensory activation of the olfactory network in the initial phase. Representative experiment. a: Thirty minutes after the start of the arterial perfusion of the olfactory

bulb-brain stem preparation: a stable and rhythmic PNA was observed, however,
potentials (OB-LFP) at this stage. b: On 2 successive odor applications (20 s each
(recorded 50 min after start of perfusion).

little or no spontaneous activity was present within olfactory bulb local field
), spontaneous activity emerged in the OB-LFP, whereas PNA remained stable
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