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ABSTRACT

Cell volume changes are associated with alterations of intrinsic optical signals (IOS). In submerged brain

slices in vitro, afferent stimulation induces an increase in light transmission. As assessed by measurement

of the largely membrane impermeant ion tetramethylammonium (TMA) in the extracellular space, these

IOS correlate with the extent and time course of the change of the extracellular space size. They have a

high signal to noise ratio and allow measurements of IOS changes in the order of a few percent. Under

conditions of reduced net KCl uptake (low Cl solution) a directed spatial buffer mechanism (K syphoning)

can be demonstrated in the neocortex with widening of the extracellular space in superficial layers associated

with a reduced light transmission and an increase of extracellular K concentration. The nature of the IOS

under pathophysiological conditions is less clear. Spreading depressions first cause an increase of light

transmission, then a decrease. Such a decrease has also been observed following application of NMDA

where it was associated with structural damage. Pharmacological analyses suggest that under physiological

conditions changes of extracellular space size are mainly caused by astrocytic volume changes while with

strong stimuli and under pathophysiological conditions also neuronal swelling occurs. With reflected light

usually signals opposite to those observed with transmitted light are seen. Recording of IOS from interface

slices gives very complex signals since under these conditions an increase of light transmission has been

reported to be superimposed by a decrease of the signal due to mechanical lensing effects of the slice surface.

Depending on the method of measurement and the exact conditions, several mechanisms may contribute to

IOS. Under well defined conditions IOS are a useful supplementary tool to monitor changes of extracellular

volume both in space and time.

Key words: intrinsic optic signals, spatial buffer, brain slice, extracellular space volume, spreading depres-

sion.

INTRODUCTION

The extracellular space is an important pathway for
signal transmission in the brain. The properties
of this pathway can be modulated by several fac-
tors causing changes of the tortuosity and the size
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of the extracellular space. Several techniques have
been developed to measure these properties. Most
of these rely on the measurement of the concen-
tration or dynamics of – ideally completely mem-
brane impermeable – ions which are either released
from a nearby microelectrode or continuously su-
perfused over the preparation. An attractive alterna-
tive method has evolved from the observation that
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changes in extracellular space volume are accompa-
nied by changes of the intrinsic optical properties of
the preparation. In the following we will describe
such methods and discuss their advantages and lim-
itations.

Activity-dependent changes of the optical
properties in excitable tissue were first described
several decades ago (Hill and Keynes 1949). Such
activity-dependent intrinsic optical signals were
recorded from different preparations including
cerebral slices (Lipton 1973, MacVicar and
Hochman 1991, Holthoff and Witte 1997, Andrew
and MacVicar 1994, Holthoff et al. 1994), and iso-
lated whole brain (Federico et al. 1994). Simi-
lar signals can also be recorded in vivo in animals
(Grinvald et al. 1988) and in humans (Haglund et
al. 1992). Two major components of the signal
in vivo can be attributed to either changes in blood
volume or changes in oxygen consumption (Frostig
et al. 1990) while the nature of a third compo-
nent is not yet clear. This latter component is wave
length-independent and based on scattered light. In
vitro, only the third component of the intrinsic op-
tical signal can be recorded. Several studies have
indicated that this component is attributable to cell
swelling (MacVicar and Hochman 1991, Andrew
and MacVicar 1994, Andrew et al. 1999, McManus
et al. 1993, Holthoff and Witte 1996).

A change of light transmission by cell swelling
was first demonstrated in erythrocytes (seeAitken et
al. 1999). This cell swelling does not depend on the
presence of haemoglobin and can also be recorded
from leukocytes and tumour cells. Shrinkage of the
cells following exposure to hypertonic solutions was
associated with a reduction of light transmission,
and swelling with an increase. One could envisage
that the alteration of light transmission is due to a
change in the refractory index between intra- and
extracellular compartments. However, White et al.
(1996) showed that – among others – also changes
in the refractive index of the membrane bilayer that
result from an alteration in the extent of hydration
and/or the phospholipid packing density contribute
to the light scattering. Another property which may

contribute is the unfolding of a cell as it swells (cf.
Andrew et al. 1999).

The situation is complicated if one considers
that neurons as well as glial cells may contribute to
light scattering, and cellular as well as nuclear or mi-
tochondrial membranes may participate (cf. Muller
and Somjen 1998). One can thus not simply derive
the light scattering from theoretical considerations.
It is therefore necessary to show by actual measure-
ments under which conditions changes of intrinsic
optical signals do correlate to extracellular volume
changes.

TECHNICAL CONSIDERATIONS

Intrinsic optical signals may be recorded from trans-
mitted or reflected light. These signals give in prin-
ciple the same results though with different polarity
(Aitken et al. 1999): with transmitted light, the
signal intensity increases when the preparation is
superfused with a hypotonic solution causing cell
swelling, while it decreases with absorbed light.
While the transmitted light integrates the properties
of the whole trans-illuminated slice, the changes in
light reflectance will mainly reflect changes in the
surface layers of the slice preparation. We record
the signals from an illuminated slice using a dark
field configuration. This collects mainly the scat-
tered light. In this configuration the light source
is also below the slice, and the recording objec-
tive above it, and the signal intensity is mainly af-
fected by the amount of light transmitted through
the slice. In consequence, this configuration also
gives an increase in light signal with cell swelling
and a decrease with widening of the extracellular
space (Holthoff and Witte 1996). We found a higher
signal-to-noise ratio using the dark-field configura-
tion compared to transmitted light. In darkfield con-
figuration the slice shows a rather uniform light in-
tensity. It has not been tested whether – compared
to brightfield configuration – this configuration is
more sensitive to the refractive index of the mem-
brane bilayer and less to the opacity of the cells.

Recordings are usually obtained in the near in-
frared range. Other than in the intact brain, the sig-
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nal is not wavelength dependent. It is therefore un-
likely that absorption changes of cytochromes in-
fluence the optical signal (MacVicar and Hochman
1991). The longer wavelength is chosen because it
penetrates better into the depth of the slice than does
visible light, resulting in a more homogeneous back-
ground intensity distribution of the original micro-
scopic image. It is important to remove the infrared
cut-off filter of the CCD-camera which is usually
mounted in front of the target.

One important issue is the choice of the camera
and the optical imaging system. Even with strong
stimuli like spreading depressions the change of the
intrinsic optical signal is only in the order of 10%,
and it is much smaller with physiological stimuli and
in the darkfield configuration. With an 8-bit cam-
era which has to span the whole range from white
to black with only 256 intensity levels, such small
changes can only be recorded with massive aver-
aging. One bit is furthermore lost by image sub-
traction. A better alternatives is the use of a scien-
tific grade CCD camera with a signal resolution of
at least 12 bit. Alternatively, contrast enhancement
may be used (cf. Fig. 1). We use a two step contrast
enhancement (Holthoff and Witte, 1998): The ana-
logue signal is amplified in such a way by the camera
control unit that the grey levels of interest span the
complete 12 bit input of the DVS 3000 video pro-
cessing unit. Within this processor, a resting image
is captured before stimulation and subtracted on-
line from the current video images. Additionally,
the resulting difference images are 8-fold digitally
enhanced. For that, the function called ’enhance-
ment look-up table (LUT) processing’ of the DVS
3000 is used. It allows to project a part of the dy-
namic range onto the full range of 0-255 pixel values
of the video frame grabber in the computer.

Most experiments are carried out with slices
from juvenile animals. These are much easier illu-
minated because they are less opaque. However, it
was recently shown in our lab that it is also possi-
ble to make recordings of intrinsic optical signals
of slices obtained from adult animals (Sagnak and
Niermann, unpublished observations). In our hands,

a vibratome causes less damage to the slice, and al-
lows better signals than a tissue chopper.

All of our recordings were obtained from sub-
merged slices. Intrinsic optical signals may also
be recorded from interface chambers. The differ-
ences between these two configurations have ele-
gantly been investigated by Kreisman et al. (1995)
who measured light transmittance in interface and
submerged slices. They reported that the sign of the
intrinsic optical signals reverse when the fluid level
in a tissue slice is raised so as to completely sub-
merge the slice. Thus, superfusion of a submerged
slice with hypotonic solution causing a cell swelling
results in increased light transmission, while the
same slice displays a decreased light transmission
when brought into the interface configuration. They
explained this effect in the following way. Cell
swelling causes an increase of light transmission.
In the interface configuration, this effect is compen-
sated and even outnumbered by an increased "lens-
ing" effect of the slice. Due to its swelling, the slice
bulges out of the solution and its surface assumes
the shape of an optical lens. Shortening of the ra-
dius of curvature increases bending of light rays and
decreases the amount of light proceeding to the de-
tector. Under these conditions, the actual size and
direction of the signal may depend even on the dis-
tance between detector and slice surface.

MATERIALS AND METHODS

Preparation of Cortical Brain Slices

Experiments were done on juvenile male Wistar rats
(14 days old). The animals were anesthetized and
decapitated. Brains were rapidly removed and
cooled to 4◦C. 400µm thick neocortical coronal
slices were prepared and stored at room tempera-
ture in artificial cerebrospinal fluid (aCSF) contain-
ing (in mM): NaCl 124, NaHCO3 26, KCl3, CaCl2
2, MgSO4 2, NaH2PO4 1.25, and glucose 10, equi-
librated with 95%O2 and 5%CO2 to pH 7.4.

The slices were stored in the recording cham-
ber submerged at 32◦C and equilibrated for at least
30 min before starting with any experimental pro-
cedure. To avoid changing light reflections at the
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Fig. 1 – Contrast enhancement of images. In order to achieve sufficient signal dynamics the

video signal is first offset corrected and analogue enhanced, and is then digitally enhanced before

it is fed into a conventional 8 bit video digitizer. From Holthoff and Witte 1998, with permission.

boundary between water and air, we covered the
recording chamber with a small cover slip. For elec-
trical stimulation (pulses of 200µs/2-9V in a train of
50Hz for 2s), a bipolar concentric stimulation elec-
trode (SNEX 100, Science Products Inc.) was put
perpendicularly into the slice in layer VI near to the
border of the white matter. If the stimulation elec-
trode was put diagonally into the slice we failed to
induce IOSs due to a short circuit via the bath fluid.
Therefore, the first 2 mm of the tip of the stimulation
electrode (tip diameter 100µm) were bent by about
90 degrees.

Optical Imaging

A schematic drawing of the experimental setup is
given in Fig. 2. An upright microscope (Axioskop
FS, Zeiss) with an×2.5 Neofluar objective (0.075
n.A.) was used. The slices were illuminated using a
darkfield configuration. The illumination light was
filtered with a bandpass interference filter (750±
50nm, Oriel). The video imaging system consisted
of a CCD (charge coupled device) camera (C 2400-
77 type 01, Hamamatsu), a camera control unit
(CCD-camera control unit C2400, Hamamatsu) in-
cluding an analogue contrast enhancement and shad-
ing correction system, a video processing device

(DVS 3000, Hamamatsu), and a S-VHS Video-
recorder (RTV 950 PC, Blaupunkt). Experiments
were analyzed off-line using a Macintosh FX per-
sonal computer equipped with a frame grabber card
(QuickCapture, Data Translation) and the NIH Im-
age software.

To detect stimulation-induced changes in IOSs,
the video signal obtained from the CCD-camera was
contrast enhanced and inhomogenities were cor-
rected by the shading correction system. This image
processing was done by the camera control unit, i.e.
before digitizing the images by the DVS video pro-
cessor. Usually, a double contrast enhancement was
chosen. The shading correction unit includes linear
and elliptic characteristic curves. With this func-
tion it was possible to correct also uneven intensities
across the field of view. Image processing including
background subtraction, digital enhancement of the
difference image, and moving averaging were done
in a DVS 3000 video processing system. Finally,
a moving average filter, processing two images at a
time, was applied to reduce noise.

Ion-selective Microelectrodes

Double-barreled ion-selective microelectrodes
(ISMEs) were used to determine extracellular K+-
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Fig. 2 – Arrangement of recording. The slices were illuminated using a darkfield con-

figuration of an upright microscope (1). The video imaging system consisted of a CCD

camera (2), a camera control unit including an analogue contrast enhancement and shading

correction system (3), and a video processing device (4). Due to the previous contrast

enhancement (see Fig. 1) the signal of interest spans the complete 8 bit input range of the

computer (6) and can be stored on conventional S-VHS recorders (5). From Holthoff and

Witte 1998, with permission.

concentration and changes of ECS volume. In these
experiments ion concentrations and IOSs were
recorded simultaneously. ISMEs were prepared
with a liquid potassium ion exchanger (Corning
477317) and calibrated in conventional fashion. In
addition to its selectivity for potassium ions, the ion
exchanger is highly selective for quaternary ammo-
nium ions (Hansen and Olsen 1980, Huang and Kar-
woski 1992a, Huang and Karwoski 1992b). For de-

tection of changes in extracellular space volume,
10mM tetramethylammoniumchloride (TMACl)
were added to the extracellular fluid (Ransom et al.
1985, Huang and Karwoski 1992b). To maintain
ionic strength, equimolar amounts of NaCl were
omitted. Because of its size and charge, TMA-
ions are largely restricted to the extracellular space
(Nicholson and Phillips 1981), although they may
be taken up by glial cells to a steady intracellular
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level (Ballanyi et al. 1990). Changes in extracellu-
lar TMA-concentration can be interpreted as alter-
ations in ECS volume. Relative alterations of ECS
volume were calculated using the following expres-
sion (Dietzel et al. 1980):

percentage of shrinkage of ECS=(
1 − [TMA+ ] 0 before activity

[TMA+ ] 0 after activity

)
× 100

In the presence of quaternary ammonium ions, the
used ISMEs are virtually blind to potassium ions
(Huang and Karwoski 1992b).

RESULTS

Stimulation-induced Intrinsic Optical
Signals

Fig. 3 shows representative intrinsic optical sig-
nal from a neocortical slice following stimulation of
layer VI with a 2s 50Hz train. Such a stimulation is
expected to depolarize neurons by excitatory post-
synaptic potentials and action potentials which are
associated by outwardly directed potassium currents
(Dietzel and Heinemann 1986a, Lux et al. 1986).
The signal displayed a characteristic pattern with an
increased light signal which had a maximum around
layer IV. Using such stimulation paradigms, it is pos-
sible to functionally map the cortex, yielding char-
acteristic activation patterns in different brain areas
(Holthoff, Sagnak and Witte, unpublished observa-
tions). The activation columns were associated with
increases of extracellular potassium activity from a
baseline of 3mM up to peak levels of 10mM (cf. Fig.
3A). The TMA signal increased in association with
the light signal indicating a reduction of extracellu-
lar space size.

The intrinsic optical signal was well re-
producible in size and time course with subsequent
stimulations. In the recording configuration chosen
for our experiments, it had very high signal to noise
ratios which were at least on order of magnitude
better than the signal to noise ratio of the TMA sig-
nal. With different stimulation intensities up to 10V,

a linear relationship between signal size and TMA
signal was found.

The intrinsic optical signal correlated well with
the TMA signal, both in space and time, suggest-
ing that it mainly indicated changes of extracellu-
lar space size. There was a good correlation be-
tween the amplitude of the intrinsic optical signal
and the change of the TMA signal, both in the ver-
tical extension (from layer I to layer VI) and in the
horizontal dimension (Holthoff and Witte 1998). In
contrast, amplitude and extension of the intrinsic op-
tical signals and the increases of extracellular potas-
sium concentration did not correlate well (cf. Fig.
3A). The stimulation-induced intrinsic optical sig-
nals had a time to peak of 3.8 ± 0.6s (n=20) very
similar to that of the TMA signal (3.1± 0.3s, n=10)
and slower than the potassium signal (2.1 ± 0.04s,
n=10). The potassium concentration decayed back
to baseline levels from a maximum of 7.4± 0.9mM
(n=10) with a mono-exponential time constant of
3.1 ± 0.6s (n=10) considerably faster than the in-
trinsic optical signal (40± 10s, n=20) or the TMA
signal (14± 4, 7s, n= 10). The somewhat faster
decay of the TMA signal can be explained by a
diffusion of TMA away from the area of local in-
crease into the surrounding bath (Hansen and Olsen
1980). In accordance with the assumption that the
bright signal is caused by a net uptake of KCl in the
cells a stimulation does not induce any bright signal
in the absence of chloride in the solution (Holthoff
and Witte 1996). Concomitantly, the TMA signal is
also blocked while the amplitude of the extracellular
potassium transient is not significantly affected. A
block of the bright signal as well as the TMA signal
by furosemide indicates that the swelling is proba-
bly mainly due to an uptake of KCl into glial cells
by a furosemide-sensitive Na-K-2Cl cotransporter
(Holthoff and Witte 1996).

Dark Waves

The brain possesses several mechanisms to control
the ensuing extracellular accumulation of potas-
sium: a Na/K-exchanger is present in glial cells and
neurons, and a NaK2Cl-cotransporter resulting in a
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Fig. 3 – Correlation between intensity of intrinsic optical signal and changes in extracellular potassium

concentration and extracellular space volume. A. Intrinsic optical signal from neocortex 4s after onset of

stimulation (2s train) in layerVI and time course of extracellular potassium concentrations in different cortical

layers. Scale bar 300µm. The dotted lines represent an extracellular potassium concentration of 3mM. The

arrow marks the beginning of stimulation. B. Intrinsic optical signal 4s after beginning of stimulation and time

course of shrinkage of the extracellular space volume in different cortical layers as assessed by measurement

of TMA concentration. Scale bar 300µm. The arrow marks the beginning of stimulation.

net-uptake of KCl is present in glial cells (Walz and
Hinks 1986). In addition, a so-calledspatial buffer

mechanism may contribute to potassium homeosta-

sis (Orkand et al. 1966, Dietzel et al. 1980, Dietzel
et al. 1982, Dietzel et al. 1989, Dietzel and Heine-
mann 1986b, Gardner-Medwin and Nicholson 1983,
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Fig. 4 – Time course of stimulation-induced changes ofr intrinsic optical signals

in layers II/III, induced by subsequent stimulations in layer VI with different

stimulation strengths.

Gardner-Medwin 1986). The glial cells are coupled
by gap junctions constituting a syncytium. This net-
work may work as a draining system for extracellular
potassium, which takes potassium up in regions of
high potassium and liberates it in low potassium re-
gions. In mammalian retina, a directional preference
of the spatial buffer has been described, extending
the concept to "potassium siphoning" (Newman et
al. 1984).

A working spatial buffer mechanism should
lead to characteristic alterations of the extracellu-
lar space. The extracellular space should shrink at
regions of potassium uptake and should widen at
regions where potassium is liberated. In terms of
changes of intrinsic optical signals this should be
reflected in a darkening of the slice. In order to
visualize such a mechanism we lowered the extra-
cellular chloride concentration to 17mM (Holthoff
and Witte, 2000). This should increase the relative
contribution of the spatial buffer mechanism to ion
homeostasis compared to net local cellular KCl up-
take.

Electrical stimulation in layer VI caused
a bright intrinsic optical signal in middle corti-
cal layers. In contrast, superficial and lower cor-
tical layers became darker (Fig 5). The brightening

was caused by shrinkage of the extracellular space
as shown by measurement of TMA concentration.
In layer I, extracellular space volume increased by
1.9 ± 0.2% (n=4, mean± SD). The darkening of
the slice in cortical layers I-III started perpendicu-
lar above the stimulation electrode and in the next
seconds spread out parallel to cortical layer orienta-
tion to a full width half maximum of 910± 300µm
(n=9). These results confirm the predictions of a
spatial buffer mechanism. Also in accordance with
these predictions the extracellular potassium con-
centration increased in all cortical layers, also in the
region with the dark signal.

Gap junctional communication between glial
cells is an important part of the functioning of the
spatial buffer mechanism. We therefore tested
whether stimulation-induced changes of the extra-
cellular space were altered by modulation of the
functional coupling between cells. Carbenoxolone
and intracellular acidification which block gap junc-
tions were tested (Ishimatsu and Williams 1996).
Treatment of the slices with carbenoxolone as well
as intracellular acidification effectively blocked
stimulation-induced widening of the extracellular
space in superficial cortical layers (Holthoff and
Witte, 2000). These procedures did not alter field
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Fig. 5 – Reduced light transmission associated with widening of the extracellular space in super-

ficial cortical layers. Recordings were obtained under conditions which reduce net KCl uptake

(low chloride solution) and enhance the contribution of the spatial buffer mechanism to clearance

of potassium from the extracellular space. Signal induced by stimulation in layer VI of the cortex.

potential amplitudes suggesting that excitability was
not influenced.

It has recently been demonstrated that astro-
cytes express high levels of a water channel,
aquaporin-4. Since vasopressin is known to regu-
late aquaporin expression and translocation in kid-
ney collecting ducts, and thereby control water re-
absorption, we hypothesized that vasopressin might
serve a similar function in the brain. By record-
ing intrinsic optical signals in an acute cortical slice
preparation we showed that the radial water flux in
the neocortex which manifests itself as a black wave
are facilitated by vasopressin and vasopressin re-
ceptor V1a agonists. V1a antagonists blocked the
facilitatory effect of vasopressin and reduced the
water flux even in the absence of any exogenous
agonist. V2 agonists or antagonists had no effect.
These data suggest that vasopressin and V1a recep-
tors play a crucial role in the regulation of brain
water and ion homeostasis, most probably by mod-
ulating aquaporin-mediated water flux through as-
trocyte plasma membranes (Niermann et al. 2001).

All the above experiments were carried out
within the more or less physiological ranges of ac-
tivity, and with changes of the extracellular space in

the order of a few percent. Under these conditions,
there is a very good correlation between changes
of extracellular space size and intrinsic optical sig-
nal. There have, however, been recent reports that
under pathophysiological conditions this relation-
ship might be lost (Muller and Somjen 1998, Var-
gova et al. 1999, Tao and Nicholson 1999). Con-
ditions that are expected to cause massive changes
of cell size include elevations of potassium above
the ceiling level of about 10-15mM (Heinemann
and Lux 1977), spreading depressions, ischemia,
and pronounced changes of the osmolarity of the
cerebrospinal fluid. Fig. 6 shows a recording of
a spreading depression from the neocortex in our
setup. The signal starts as a wave with a bright sig-
nal, which slowly moves across the slice and is fol-
lowed by a dark signal.

DISCUSSION

The present data show that with physiological activ-
ity in the brain slice preparation intrinsic optical sig-
nals (transmitted light, darkfield configuration, con-
trast enhancement, submerged slice) are well corre-
lated to changes of extracellular space volume, and
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Fig. 6 – Subsequent appearance of increase and decrease of light transmission with

spreading depression in the neocortex. Spreading depression induced by local application

of 2 M KCl through microelectrode.

hence cell swelling and shrinkage. Spatial extent,
time course, alteration by low chloride solution and
furosemide, as well as direction of the signal all be-
have in the expected ways, and the intrinsic opti-
cal signals can be employed to demonstrate also in-
creases of extracellular space size as expected from
the spatial buffer mechanism. The signal has an ex-

cellent signal to noise ratio in the employed setup, is
well reproducible, and shows a fast time resolution
sufficient to monitor changes of extracellular space
size in the order of seconds.

As an independent means to measure changes
of extracellular space size, we superfused the slices
with tetramethylammonium or choline (not shown)
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which within the time frame of the measured sig-
nals are largely restricted to the extracellular space.
The major limitation of this technique is a diffusion
artefact that occurs during slow focal changes in the
extracellular space size. The alternative technique
is the diffusion analysis as introduced by C. Nichol-
son (Nicholson 1985, Lehmenkuhler et al. 1993,
Nicholson 1999). This technique in addition allows
to calculate the tortuosity and the volume fraction
of the extracellular space. Unfortunately, the time
resolution of this technique is much to slow too
monitor the changes of extracellular volume fol-
lowing afferent stimulation as shown in this paper.
This method might even be too slow to measure the
regulatory volume decrease which is to a large ex-
tend mediated through astrocytic volume-sensitive
organic anion channels. These anion channels acti-
vate within a few seconds following exposure to an
osmotic stress (Basarsky et al. 1999)

The present data favour the glial cells as the
major cell type involved in regulation of extracel-
lular volume under physiological conditions. Thus
the widening of the extracellular space in superficial
cortical layers depends on cell coupling as shown by
pharmacological manipulations and are suggested to
be due to potassium syphoning through the glial net-
work. The local decreases of extracellular volume
can be blocked by furosemide, suggesting an up-
take of KCl by the glial furosemide-sensitive Na-K-
2Cl cotransporter (Walz and Hinks 1986, Walz and
Hinks 1985, Walz and Hertz 1984). Under more
extreme conditions, the situation changes: in the
hippocampus, spreading depressions first cause a
bright signal in the dendritic layers, followed later
by a bright signal in the cell soma layer (Basarsky
et al. 1998, Andrew et al. 1999, Jarvis et al. 1999,
Rutledge et al. 1998). Under these conditions cell
swellings may also occur in the absence of chloride
in the bath fluid, possibly due to a cellular uptake
of glutamate and other organic anions (Muller and
Somjen 1998).

The nature of the black wave following spread-
ing depressions or application of NMDA (Jarvis et
al. 1999) is unclear. As shown in this paper, one

can record black waves which are accompanied by
increases of extracellular volume under certain con-
ditions. Polischuk et al. (Polischuk et al. 1998)
have shown that a darkening of the signal can also
be observed when irreversible neuronal damage oc-
curs. Further experiments will be necessary to anal-
yse those conditions in which discrepancies occur
between intrinsic optical signal and changes of ex-
tracellular space size.

RESUMO

Mudanças do volume celular estão associadas com altera-

ções de sinais ópticos intrínsecos (SOI), que são revistos

no presente trabalho. Em fatias do encéfalo submersas in

vitro, a estimulação aferente induz um aumento na trans-

missão de luz. Segundo avaliado por medidas no espaço

extra-celular do ion tetra-metil-amônio (TMA), que pouco

permeia a membrana, estes SOI se correlacionam com

a extensão e curso temporal das mudanças na dimensão

do espaço extra-celular. SOI têm uma alta relação sinal:

ruído e permitem medidas de (suas) mudanças da ordem de

alguns percentis, com velocidade de video. Sob condições

de reduzida captação líquida de KCl (solução com baixo

cloreto), um mecanismo de tamponamento espacial di-

rigido (sifonamento de potássio) pode ser demonstrado

no neocórtex, com ampliação do espaço extra-celular nas

camadas superficiais, associada com reduzida transmis-

são de luz e um acréscimo da concentração de potássio

extra-celular. A natureza dos SOI sob condições fisiopa-

tológicas é menos clara. Depressões alastrantes causam

inicialmente um acréscimo na transmissão de luz e de-

pois um decréscimo. Tal decréscimo tem sido obser-

vado após aplicação de NMDA onde está associado com

dano estrutural. Análises farmacológicas sugerem que

sob condições fisiológicas mudanças na dimensão do es-

paço extra-celular são causadas principalmente por mu-

danças no volume astrocitário enquanto que com estímu-

los fortes e sob condições fisiopatológicas também ocorre

intumescência de neurônios. Com luz refletida são vis-

tos usualmente sinais opostos a aqueles observados com

luz transmitida. Registros de SOI da interface de fatias

produzem sinais muito complexos desde que, sob estas

condições, foi relatado um acréscimo de transmissão de

luz ao qual se superpõe um decréscimo do sinal decor-
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rente de efeitos mecânicos de “lente” da superfície da fa-

tia. Dependendo do método de medida e das condições

exatas, vários mecanismos podem contribuir para os SOI.

Sob condições bem definidas, SOI constituem uma ferra-

menta suplementar útil para monitorar mudanças espaci-

ais ou temporais no volume do espaço extra-celular.

Palavras-chave: sinais ópticos intrínsecos, tamponamen-

to espacial, fatias encefálicas, espaço extracelular, de-

pressão alastrante.
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