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Optical Imaging Technique Applied to the Isolated Guinea Pig Brain Preparation
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I. TAKASHIMA T. SATO R. KAJIWARA T. IJIMA
Cortical neuronal architecture and connectivity can be analyzed with high-resolution
optical imaging after staining the vitro isolated guinea pig brain preparation by
circulating the voltage-sensitive dye RH-795 via the arterial system. To establish this
new technique, electrical field potentials evoked in the piriform and entorhinal cortices
by lateral olfactory tract stimulation were correlated to the optical signal. The depth
analysis of the optical response was performed by evaluating the contribution of the
mono- and poly-synaptic components of the signal generated in different layers after
applying a pair-pulse stimulation protocol. The tangential propagation of neuronal
activity in olfactory cortices was evaluated by gathering several 4.2x4.2 mm images
recorded from adjacent cortical areas. The real-time optical imaging technique applied

to the isolated guinea pig brain can be successfully utilized to study the integrative

properties of cortical neurons ensembles.
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Fig.1 (A) Isolated guinea pig brain preparatiorvitro.
(B) Section of the brain arterially perfused with the voltage-sensitive dye RH-795.
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Fig.2 Neuronal activity propagation in the piriform cortex and entorhinal cortex following LOT stimulation. On the upper
left, the eight different 4.2 x 4.2 mm squares from which optical recording were performed at different sequential
times were superimposed to a CCD camera-derived image of the ventral view of the brain. The camera was moved
to the next field after the acquisition of the optical signal. The same LOT stimulation intensity was applied to record
from an adjacent cortical area. The propagation pattern was reconstructed by gathering off-line the individual
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recordings of each of the 8 sessions. Delays from the LOT stimulus are indicated.

-8 0290+



UJ 298 gboooooooooooOwk3aogosen

e Field Potential

— o L d
T T T 1

20 ms

fessssmmaeay

1mV

\-\’\'\/'\ Optical Signals

3.6 ms 4.8 ms

12.0 ms 13.2 ms 14.4 ms 18.0 ms 34.8 ms 100.8 ms

Fig.3 Correlation between field potentials and optical signals evoked by LOT stimulation in the piriform cortex.
(A) The area enclosed by the broken square line represents the camera field superimposed to the enlargement of
the ventral view of the isolated guinea pig brain, as it appears during the experimental session (inset on the right);
OB, olfactory bulb; APC, anterior piriform cortex; PPC, posterior piriform cortex; LOT, lateral olfactory tract.
Stimulating electrode (Stim) positioned on the LOT. Field potentials were recorded from E.
(B) Correlation between the LOT-evoked field response (E) and the voltage-dependent optical signals recorded
from the pixels located in 1, 2 and 3. The vertical lines mark the time point corresponding to the mono-synaptic
(a), the poly-synaptic (b) peaks and the late components of the responses (c and d).
(C) Spatio-temporal pattern of optical changes in the piriform cortex represented by pseudo-color image using
color code calibration shown in B. Delays from LOT stimulus are indicated below each panel. The distribution
pattern corresponding to times a, b, ¢ and d are marked.
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Fig.4 (A) Schematic circuit diagram of the piriform cortex.
(B) Piriform cortex responses to single and paired stimuli of LOT.
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Fig.5 Isolation of mono- and poli-synaptic LOT-evoked responses in the piriform cortex. (A) Paired-pulse paradigm
utilized to isolate the synaptic components of the LOT responses. Single stimulation: S. Conditioning and conditioned
pairing stimuli: P1 and P2. The lower right panel in A shows the location of the electrophisiological (E) and the
optical recording sites illustrated in B. The recorded area is illustrated in the left lower panel in A. (B) For each
panel the superimposed upper traces represent the optical signals evoked by single (red) and paired (blue) stimulation.
The lower traces show the isolated mono- (purple, b-a) and poli-synaptic (green, c-(b-a)) responses. The spatio-
temporal propagation pattern of isolated mono-synaptic and poli-synaptic optical signals obtained according to this
procedures are illustrated in C and D, respectively.
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Fig.6 Normalized optical signal intensity at different depths
in the cortical tissue measured at the cortical surface
when the tip of a pipette loaded with the fluorescent
dye Nile Red was lowered in the cortex (100%
corresponds to the surface recording). The focal plane
of the microscope was maintained at 0 depth during
the measurements. Measurement performed in the
piriform cortex (triangle) and in the somatosensory
cortex (squares) of the isolated brairvitro, in the
somatosensory cortex (circles) of guinea pig birain
vivo and in the air (crosses) are illustrated.The
measurements performed in the air (no tissue
penetration) reflect the decrease in recorded light due
to the defocusing of the electrode tip by moving it
from O to 300Qum from the focal plane.
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| Ratio of peak amplitudes, b/a
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Fig.7 Contribution of mono- and poly-synaptic responses to the optical signals obtained by lowering the focal plane of
the microscope from the cortical surface. Calculated ratios of peak amplitudes (b/a) are summarized in the table.
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