The Imager 3001's multi-purpose design is a powerful approach to optical imaging. The intrinsic
optical signal and VSD imaging techniques each excel at revealing different information about the
brain’s functional architecture. Intrinsic optical signal imaging is particularly suited to revealing
high-resolution spatial features of the brain's functional architecture. VSD imaging excels at
revealing the temporal structure of neuronal responses across regions of exposed brain. Calcium
imaging extends the power of the system further. Irrespective of the signal used to extract
physiological information, the Imager 3001 is well suited to study nearly all the preparations used
in brain research explorations.

As anintrinsic signal imager, the mager 3001 system detects tiny intrinsic changes in the optical
properties of electrically and/or metabolically active brain tissue (signals as small as 1 part in 10,000
are detectable with signal averaging). The pioneering work of Hill, Keynes, Chance, Jobsis and their
colleagues first demonstrated the existence of these intrinsic signals half a century ago. However,
since these signals are very small, their use for imaging of the functional architecture of cortex
began only in 1986, as technology and techniques were improved. One source for the activity-
dependent optical signal is asmall change in the color of the tissue produced by changes in oxygen
delivery from oxy-hemoglobin within the capillaries in response to metabolic demand. Other
intrinsic signals originate from activity-dependent light scattering changes, and changes in the
oxidation states of intrinsic chromophores such as cytochromes.

Intrinsic imaging has facilitated high-resolution imaging of the adult functional architecture of the
cerebral cortex in the living brain of mice, rats, guinea pigs, gerbils, ferrets, cats, monkeys and
humans. In some animals, activity maps have also been obtained through intact dura and thinned
bone, which allows visualization of the development of the functional architecture of the cortex over
long periods of time. Success has also been achieved with chronic recording paradigms in larger and
adult mammals. Activity-dependent intrinsic signals have also facilitated in-vitro studies in brain
slices, and in the isolated but intact mammalian brain.

The term “voltage sensitive dye” (VSD) is used for compounds that act as optical transducers of
membrane potential changes. These probes are used to stain a living preparation. Applied to the
brain, they bind to the external surface of the membranes of living cells without interrupting their
normal function. Once introduced into a preparation, VSDs rapidly (within a microsecond) alter the
intensity and/or wavelengths of fluorescent light they emit as a function of changes in neuronal
membrane potential.

Recent improvements in the VSD probes available for in vivo VSD imaging have dramatically
increased the signal-to noise-level obtainable—by as much as 10-30 times over previous probes.
Combined with the Imager 3001, in vivo or in vitro, voltage sensitive dyes can now provide both
fast time resolution and the spatial resolution required to visualize rapid, complex spatio-temporal
patterns of neuronal activity. These new dyes are available exclusively from Ol —see Accessories /
Supplies for more details.
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Calcium signals are usually more than an order of magnitude larger than the VSD signal. Due to this
fact, advanced feature Imager 3001 systems perform well in detecting small calcium signals,
though they are optimized for high light level applications.

See next pages for more information on all these imaging techniques.
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Since being introduced in 1992, Ol’s Imager systems have been used by laboratories around
the world, producing experimental results using intrinsic optical signals that have been
published in the field’s leading journals. Imaging of intrinsic signals is being extensively used
for functional brain mapping; aone, as well as together with electrophysiological and anat-
omical techniques. Optical imaging of intrinsic signals has also contributed to characterizing
cortical metabolic and hemodynamic responses. This branch of research has become
particularly relevant in view of the growing importance of non-invasive functional human
brain mapping by fMRI.

The publication record itself attests to the power and flexibility of the Imager system, now in
its latest version: the | mager 3001
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Sensory-evoked changes in cortical oximetry (top) and blood volume (bottom). Ocular
dominance maps were obtained in the primary visua cortex of an avake behaving macague
viewing a drifting grating stimulus by dividing images of the cortex recorded while the ip-
silatera eye was open by those recorded while the contralateral one was open. Illuminating the
cortex at 605 nm emphasizes oximetric changes, while blood volume changes are imaged by
illumination at 570 nm. Time (in seconds) with respect to stimulus onset is indicated at the top
left of aternate frames; stimulation ended at t=6.0 s.
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The mapping signal, defined as the difference in activation
between a preferred and an “orthogonal” stimulusin agiven
cortical location, shows that oximetric maps develop early and
decline quickly after stimulus offset, whereas blood volume maps
develop relatively slowly but continue to increase for at least 3 s
after stimulus offset. Thus, blood volume mapping allows for
longer averaging times than oximetric mapping. Blood volume
maps, however, are afected by larger vascular noise (e.g., the 0 > 4 6 8
black and white spot pair at top right of blood volume image time after stim onset (s)
series), suggesting that accurate and case-specific evaluation of the different signals and their
associated noise sources is essential to decide which activity-dependent signal most faithfully
maps the cortical functiona architecture
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Advanced-feature Imager 3001 systems support frame rates up to 500 Hz, allowing 12-bit
recording with better than 2 msec time resolution. For both in vivo and in vitro
preparations, the Imager 3001 has the speed, resolution, senstivity, and dynamic range
required to make high-quality recordings of voltage sensitive dye signals. The figures below
give an example of results obtained using the Imager 3001 to image the time-varying
responses of cat orientation columnsin vivo. All results are from the same experiment.
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Trial-averaged images recorded using the Imager 3001. Initial stimulus was a drifting
vertical or horizontal grating, which changed to an orthogonal grating preceding the
beginning of the shift in

cortical response marked

with  a red bar.
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Differential  condition
images are shown (initial
vertical / initial
horizontal). Each frame
is 10 msec; 150 msec of
stable response  are
removed between the 2™
and 39 row, and 300
msec removed between
the 4™ and 5" See our
website for an animation
showing the full movie.

Frame averaged responses to
the stimulus. A. Differential
condition response
(horizontal / vertical). B.
Horizontal grating single
condition response (stimulus
/ blank). C. Vertical grating
single condition response. D.
Green-illuminated image of
cortical region imaged.
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Ol’ sintroductory-level | mager 3001 system allows video rate imaging of signalsfrom
voltage sensitive dyes or other extrinsic probes, making it an appropriate, economical
choice for imaging preparations such as lower vertebrate, rat barrel or cat cortex in vivo (for
experimental applications requiring higher temporal resolution, look at the upper range of
Ol’sImager 3001 series). The figures below give an example of results that can be
obtained using video rate imaging with voltage sensitive dye.
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Trial-averaged images recorded at video frame
rates. Each frame is 20 msec. Images are ratios of
responses. condition 1 / condition 2, where
condition 1 = stimulation of whiskers B4 + BS;
condition 2 = stimulation of whiskers C4 + C3.
Whiskers were air-puff stimulated at 2.5 Hz with a
200 msec offset between conditions. Responses to
condition 1 are > 1 (blue), responses to condition 2
are< 1 (red).
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Responses shown here are taken from an 80x50
pixel region of the trial-averaged ratio images
condition 1/ blank, and condition 2/ blank (same
experiment as above). Bottom horizontal bars show
whisker stimulus times
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Top map isa 2x1 binned cortical response map, created by
combining the 17 image frames showing maximal response
amplitude. The imaged brain areais shown at bottom.
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Our high-end I mager 3001, a quality performer in high-resolution, high-light level
experiments such asintrinsic imaging and VSD imaging, also performs well in the low-
light level conditionsthat prevail in calcium dye imaging. These figures give an example
of results obtainable with the Imager 3001 when imaging calcium signals at the single-cell
level in calcium dye-stained P14 mouse cortical slices (thanksto R. Yuste for collaborating
assistance).
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Single-trial movie recorded using the | mager 3001.
Early frames show baseline noise level, along with
a number of developing intense small spots (blue-
trending) that correspond to spontaneous calcium
spikes in the somata of individual labeled neurons.
Upon extracellular stimulation, calcium entry into
the neuropil appears (appearance of large green-
blue region), with calcium spikes in the somata of
depolarized neurons.

# Xl o+ $# +
Left: field of fura-2 AM
stained cells, with intra-cellular
patch electrode. Center: early
onset of calcium spike
recorded just after intra-
cellular stimulation. Right:
Peak of calcium spike, with
spread into the apical dendrite.
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Nearby cells showing calcium spike activity in
concert with the activity evoked in an
intracellularly stimulated nearby cell—
suggesting synaptic connections. Imaging field
(top l€ft), noise level (top middle), and examples
from different recording sessions (remaining
panels) are shown.
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