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By Jim McMahon

A new tool for
brain discovery

The ability to measure micvon-level neuronal activity patterns

in the mammalian neocortex is enabling insight into brain

sensory and motor processing functions velated to cardiae

Jfibrillation and epilepsy. Voltage-sensitive dye, optical recording

techniques, and vilwation isolation are key to the work.

rolessor Jian-Young Wua has
been conducting research on
Waikhvies l’l ]'ll."l]l.l.?l.ul.] ili'll'\'il}' ill

the

Wi anid his col El.'ugurx at the [h‘p:u Lraeil

neacortex of the brain.

of Physiclogy and Blophysics at George-
town University Medical Center visual-
ize wave-like patterns in the brain cor-

tex using optical imaging and volage-

sensitive dye—a method that depends

on tobust vibration solation. Their neu-

ronal specimens are derived Irom slices of

ril neaearies, '||II!: TIES o ]L‘l'\'L'I’ Il‘l. A -

mal’s hrain, which is involved in higher
functions such as sensory perception and
generalion ol motor commands and, in
Tumans, language.

The

;.1|'|;.1|.'|.g|.'1"| in vertical struetures called

neurans EJl. !IH' nencartex are

neccartical ecolomns thar measure
about 0.5 mm in diameter and 2 mm in
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Prrofessar, Department of Physiology aned
Biopleysics, af Georgetoawn Cniversity Medical
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In the human neccortex, it is postulated
that there are about a hall-million of
lh [ShE S ':"::l]l.ll'l:ll.\. [T h. 1|]. 'l'a']:l.ll.'h ! Irﬂ!.'L:iI'IH
approximately 60,000 neurons.

.]-hl.' MeaCoriex Can l:l!: ¥ -il."l'a'l.'d ko h.:i“ll.'
“1"". 8 l?ll:‘]ﬂlll'lg lFI’ h‘l]liilllh [N ] i.]lii]l'lh 1||.
neurcns and hundeed of wrillions of
incerconnections. While individual new-
rons are oo simple o have intelligence,
the collective behavior of the hilllons of
imterneuronal interactions occurn il.l.:l.l.

each second can be highly intelligent.

Brain activity investigation
Traditionally, scientists have studied
brain activity !:l:r |rh|.-:':|:|2|].|; a Tew electrodes
in the brain and measuring the elecuri-
cal signals of the neurons close 1o the
electrades. This methodd is workahle for
understanding the function of the cos-
tex and interactions hetween individual
nenrvons, but it is not suitable for soody-
ing the emerging properiies of the ner-
VoA syslem.

“Iis like viewing a few pixels on a wele-
vision sereen and trying 1o fgure out the
atory,” 1->.|}|.|.:'m. Die. W, "Now, with api-
cal methods and voltage-sensitive dyes,
we can visualize the activation in a large
area ol the neocortex when the brain is
processing sensory information, similar
(LRI HTES |'|:i:|'|].|; the whole television screen.”

“Voliage-sensitive dve is a compound

FIGURE 1. Tangential slices of rat accipital
cortex, stained with ME3630 dye, change color

(absorption} as the transmembeane potential

of the newrans varies. Imaging was performed

by a 464-element photadiade array at a rate

of 1600 frames /s, The oscillatians (4—12 Hz)
were mduced by perfusing glices with 100 mbd
carbathal and 10 mM bscucullne. The optical
signal on each optical detector is a summation of
depolarization/hyperpal arization of abowt 1000
newrans. The aptical signal of the oscillations was
about 0.01% of the resting light intensity. The
signal on each detector is normalized to its awn
max-min and assigned to a calor according o a
|mear color scale. The ascillations were organized
spatially as prapagating waves. Wawe patterns
showen in the mowies (see bigopticswarld.cams
articles/370602] were farmed spontaneously.

that stains neuronal membrane and
l:'|'|;3||y|1'5 its color when the neuron is

excited,” contimues De, W, *This allows
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tion newromal activity
dymamically in the cor-
tex. We study how indi-
vidual neurons in the
NeoCoriex inleracl Lo
generate  population
neuronal activities that
un :E l'l']‘ll' SIS } a I'I'|'|.
motor processing [unc-
tions. Papulation activ-
ities are composed of
the coordinated acrivity
ol L L Billions ol ne-
rons, Gurrently, we study
how oscillations and
i]f‘]}‘ﬂﬁﬂlll!ﬂ Waves Can
he generated by small
ensembles of neocorti-
cal neurons”

Viewing the spatiotemporal patterns
of newronal Fur"’:lulil.liuﬂ in the corvex is
markedly differemt from recording indi-
vidual newrons. Here the cortical activiry
is viewed as "population activity” thar can
be more complex than the linear addi-
tion of an individual newron’s uq'lin.'i[}'.
Voliage-sensitive dye and opiical recornd-
ing technigques give the neuroscientist a

new ool for Gguring out how the b

cortex works {see Fig. 1)

Spirals highlight cardiac
fibrillation, epilepsy

Wu's imaging team has uncovered spival-
ing wave patterns resembling livle hurrd

canes in the brain. He believes thar this
hurricane-like n.|:|ni.|:';.|| paliern i3 an emer-
gent behavior of the network, "A metro-
logical hurricane is an emergent behayv-

or of a |:|:|'g!: Voliwme of alr :|Im'|1.'|.'|||1'x,‘

says W, “IF vou were o dissect a hurri-
cane into individoal air molecules vou
'l'a'l.ﬁlllf] (1] n“f] il.l.}' *Eﬁl!fii.] ]Jl'l.”.'l'ﬂ.\- |]=al.l
generates a hurricane. Similarly, in the
nervoirs Syslem, H]:I;I'il] WilveR are an emeir-
gent process of the newronal population
and there might be no special cellular
Ill'lﬁf‘l'ﬁﬂ illll';hllil.'d LExd "ii:llfdl\" EI|1 ]lk!: A
huericane, spiral waves can be a powerful
force for organizing the actvity of a neu-
romal population. Spirals generated in a
small area can send out a powerful storm
that invades h.n.'gt'. normal hrain areas
and stares a selzure aack, This hypoth-
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FIGURE 2. Megative-stiffness mechanism {MSM} isolators use a completely mechanical
concept in low-frequency vibration isclation. Such passive isolatars can be highly

compact, and capable of very low werfical and harizantal natural frequencies, and wary
high internal structural frequencies.

esis would mean that epilepsy could be
Vviewedl :|'|1|I_i|.|.h.l LY :I'lin-'l.vil.'il'lg i the l‘:ll".'lil'l,
but as an abnormal wave pattern that
invades normal tissue.

Similacly, during cardiac Gbrillation,
apiral waves form in the heart emiting
I.'l.ll['-ll;:I!I!.l. and seroll waves in two and three
dimensions. As a leading life-threatening
situation, these rotating waves can kill the

patient instantly as the pumping function

of the heart is disrupred by the 5o 10Hz
rotations that drive chaotic and abnor-
|'|'|:i|]!.' |.';.1|:|ni1’] cardine contractions.

Wu helieves that propagating waves are
a basic pattern of eortical newronal activ-

iy, and that these ws

‘e patterns may play
an important role in initaing and orga-
I:I.iv:il.l.b; hrain activ .II!| i:l'n'l::l]'n.'il'lg millions
1o hillions of newrons. Studying the spa-
tiotemporal patter
lation ill:'l-l'r':il:i may |)L'l::l\.';fit' :il'l:s:i;.;hl into

s of newronal popu-

normal brain functions and pathological
disorders, This research has the potential

1o help sciencists undersiand abmormal

waves that are generated in the brains of

p:nl'u'l'llx with upil

pav.

Vibration isolation

Hl"ﬂﬂ.l.’il' '\'lﬁEli‘lH!:'*El!.\-i|;'|'|." f]!u'!: *.l!ﬂil].\- e
amall, usually a change of L1 1w L0 per-
cent of the iMumination i!!lll!l'lH:il:l, Wu's
team has wsed a high-dynamic-range
camera, photodiede array o detect the
'.'l::lhilgl.!-hl.!:l:lx.lli\!: I:i}'l.! :\igﬂuh ol the cor-
tical activity, The phoediede arvay can
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l'l-*lﬁl\.'l." 1.'x[f|.'|]!||.-’l}' HI“J'LJI
changes im light, wsu-
ally one part of ten thou-
sands. (Human eyes and
ordinary digital cameras
l'!!“ihl!!t' |'||.:|:‘|.I! |."|'|'.|||H|.::1 al
one part 1o a hundred).
Devect

v such small sig-

l'l:ullh e
vibr
The lab had o contend

wres a ]“R]:I ]l.'\!!]

ion  bsolation.

with low frequency vibra-

tons from alr condition-

i:l!lg i
walking. and wind blow-

||:i!:||!|!||.-':|!|l. |'|n|.:1|npn|v

ing against the build-
|1:R 1\‘”'".‘;!'!"::'1,} as ]1]1.'-' as
IHz were inhibiting the
integrity of the images
anud dara.

“Ar s, we used high-guality aiv tables,
bt lll!::.' wrle fal :I:l:lle:1.|l|.a'll.' Tor i.sn|:|.|!it‘|.g
low frequency vibrations,” Dre. Wa contin-
ues, “We tried puting a second air table
on top of the first one, but that sill did
not give us the isolation we needed. Then
we tried an active, electronle AValenm, it
we were stll spending much time fight-
ing with floor vibrations. We were dealing
with an unresolved vibration problem for
many years.”

The Georgetown lab eventually tested,
and sewtled Lo liq';.;ulil.'l.'-:sl ilTness
mechanism systems from Minus K Tech-
sk,

com), which reduced vibration isolation

:I!II'bIl::lgF ['|.|'|gh:v.|.|-l::h|’]. CA: www.mir

1o 1Hz and cancelled our noise difficul-
ties that were '|:|!|||i|'r'|li||.!.; '|:||I|:|.“1.-' and data
readings {(see Fig. 2). Negative-stillness
m {M5M} la«
ﬂt:x.ihilil}' of custom Iilill.i:l"l:l!l“ resananl

mechani ators have the

frequencies vertically and horizontally.
Vertical-motion isolation is provided by
a st spring that suppores a weight load,
combined with a NSM. The net vertical
stilTness s made Very low without allect-
ing the static load-supporting capabilicy
of the spring. Beam-columns connected
l.l'l ACIes wl.[h. lh.." \'l‘l"‘ll‘ﬂ:':“i]l ii]l'l ih'::li'-l'
tor provide horizontal-motion isolaion.
The horizontal stiffness of the beam-
columns is reduced by the "heam-col-

umn” eflect. A beam-column behaves

ELE A i:l!lg combined with
Tood for brain discovery confinued on page 31
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Tool far brain discovery contiowed from page 25

NAM alse offers substantial trans-
:lli.‘\"-i..l.lil.il:u i.llJI?l':l'lL'll]l.'lll over anr :\:uh'
tems (whose resonant frequency can
match that of loor vibrations and actuw-
ally worsen problems) and over active
syslems {which have a limited ||.:. manmie
Iul.]lHl.' alIi‘I are \lllli1'| |l]JI1' L 1'||.'1 |||:l]|i.':'
dvslunetion and power modolations).
Although active isolation systems have
fundamentally no resonance, thei
ransmissihility does not roll off as Fas
as IIL'H..LlJH"h[i.l.l.lli'.‘n- lsolators. Trans-
missibility s a measure of the vibra-
thons that transmit through the lsola-
[ EaT |1'|i1|i'¢1' [ ] [i:li' i]lll'.l.l '\'ilﬁlul.[i.'.:lllh. I.Ill.'
NEM isolators, when adjusted vo 0.5Hz,
achieve 93 prercent isolation elficiency
at 2Hz; 09 percent at SHz; and 90.7 per-
cent at 1IHz,

Continuing research
Within the past ten years, Wu's team

IJ-I.:\ I.I.HI '.I.IIJI.'II“'I.I. a varery of wavelorms

IMAGING cont.

(e, |||:|.||-:' wave and h]]il.l.'--:l in brain
:\Iil.'.'\ ||'.|.| illj‘!‘ i |]|i.': iil.”.'l illll'.l.':'i'l.l. LELE |.|'
lations. Using neocortical slices and
mathematic models, they are study-
ing the inmiation of the waves and the
factors that control their propagating
1|i.||.'1 |i||‘||. il:i1| '11"':!':'“'1.

The lab is also involved in the devel-
apment of new optical imaging tech-
nigues (also dependent on vibration
isolation) such as imaging propagating
Waves i.]l \i'u‘l. i.|| iill“ll I‘:l]il.il:l"-. = [.Ill"- s
technically diffewly,” *Cirher
imaging methods (MRI, PET, or MEG)

III % :Iill.' illul.!]i'l.l'.l.ul.[l.' "-I)i'lliill('llll?(.lliil res-

says Wi

oluthon. Large scale neuronal activicy
i\ “ I|i1|J||]i|.|L 1|| il I.i'uill“ 1.||i1ill. 1|"||. e
improving the optical imaging tech-
niques with a hope to visualize the
wWaves il! I:!:l" Corlex ili YV |I|.|.| ill..lﬁI -
sory processes amnd in awake animals
while behavioral and cognitive tasks

are per lormed.” €
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