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Fig. 1. (A) Diakinesis showing 23 pairs
(5 maize and 18 Tripsacum) of chromo-
somes. (B) Metaphase showing Tripsacum
chromosomes at plates and early dissocia-
tion of ten maize chromosomes.

in this respect depending on the speci-
fic maize and Tripsacum stocks used
(3). This report concerns hybrids which
contains 36 Tripsacum and 10 maize
chromosomes. The Tripsacum chromo-
somes regularly form 18 bivalents,
while the maize chromosomes form O
to 5 pairs. Maize chromosomes can be
distinguished from Tripsacum chromo-

somes by their larger size (Fig. 1A). .

The maize pairs are not synchronized
with the Tripsacum chromosomes and
separate early. By the time the Trip-
sacum chromosomes line up on the
metaphase plate, the maize chromo-
somes appear to be in a sort of sus-
pended anaphase (Fig. 1B). The maize
chromosomes may be included at ran-
dom or more often excluded altogether
in meiosis.

The 46-chromosome hybrids are
male sterile, but when backcrossed to
maize, the offspring are usually 46-
chromosome plants resembling the F,
morphologically. This is not due to
apomixis because purple plants resem-
bling the F, are recovered when the
backcross is made to a maize genetic
stock carrying the genes for purple
plant color (B, PI). Evidently, the
functional female gametes of the F,
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are primarily those with no maize
chromosomes and the unreduced num-
ber (36) of Tripsacum chromosomes.
The F, is reconstituted in each back-
cross generation. A few percent of the
individuals in backcross populations
have more than 46 chromosomes due
to the inclusion of some maize chro-
mosomes at meiosis. We have recov-
ered plants with 50, 52, 54, and 56
chromosomes in backcross progenies.

The 56-chromosome plants are evi-
dently derived from unreduced eggs of
the hybrid and normal maize pollen.
They contain 36 Tripsacum chromo-
somes that form 18 bivalents and 20
maize chromosomes that form 10 bi-
valents. Meiosis is almost completely
regular in these plants, as expected.
However, the S50-chromosome plants
frequently form 25 bivalents. These
are derived from 18 pairs of Tripsacum
and seven pairs of maize. Of the seven
maize pairs, four bivalents are to be
expected as being those which would
occur between the four extra maize
chromosomes from the egg and their
homologs within the set of ten chromo-
somes from the male parent. However,
the remaining three maize pairs re-
sulted from nonhomologous pairing
among the remaining six chromosomes
from the male parent. In these plants,
the maize and Tripsacum chromosomes
are well synchronized, and meiosis is
regular. The seven pairs of maize chro-
mosomes can be easily identified by
size.

It is now apparent that in the right
genetic environment (background), the
ten chromosomes of maize will fre-
quently form five pairs. Some might in-
terpret this as evidence for a residual
homoeology on the ground - that the
basic number in Maydeae and Andro-
pogoneae is X =5 rather than X = 10.
Rhoades (4) has shown that maize
chromosomes do contain duplicated re-

gions, but whether or not these repre-
sent vestiges of an ancient polyploidy
has not yet been established. We are
more inclined to interpret the pairing
as nonhomologous and nonhomoeolo-
gous induced by the genetic background.
We feel that all organisms that carry

-out meiosis have coded genetic informa-

tion that orders the chromosomes to
pair during meiosis. Asynaptic and de-
synaptic aberrations are mutations of
such genetic information. The poly-
ploid T. dactyloides (2n = 72) presum-
ably carries a double dose of pairing
orders, and, although autoploid in na-
ture, the chromosomes associate reg-
ularly into bivalents. In this back-
ground chromosomes of the haploid
maize genome pair with each other,
and the 36 Tripsacum chromosomes as-
sociate into bivalents, but synchroniza-
tion is off. In the 50-chromosome
plants (36 Tripsacum chromosomes
and 14 Zea chromosomes), the addi-
tional maize chromosomes probably
carry additional genetic information
specifically for the behavior of maize
chromosomes, and a better balance of
the chromosomal environment is
achieved.
Jack R. HARLAN
J. M. J. DE WET
S. M. Nak
R. J. LAMBERT
Crop Evolution Laboratory,
Agronomy Department,
University of lllinois, Urbana 61801
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Neuroglia: Biophysical Properties and Physiologic Function

Abstract. The membrane time constant of neocortical glial cells is about 385
microseconds, less than one-twentieth’ the known value for the Betz cell. Glial
membrane specific resistance is low (approximately 200 to 500 ohm centimeters
squared). Neuroglial cells are ideally suited to buffer the immediate extraneuronal
space at areas of synaptic contact against the increases in external potassium ion
concentration that accompany postsynaptic and spike activity and to minimize
the spread of potassium ions to other pre- and postsynaptic regions.

The protoplasmic astrocyte is the
principal neuroglial cell within the gray
matter of the normal brain (7). These
cells possess an irregular cell body from

which numerous slender processes ra-
diate to form differing relationships
with capillaries, other astrocytes, and
the receptive surfaces of neurons (2).
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Though neuroglial cells may subserve
supportive, nufritive, and reparative
functions for nervous tissue, and per-
haps metabolize neurotransmitters (3),
there has been much interest as to
whether they electrically isolate neural
receptive sites from one another
(1,2,4,5) or promote information
transfer (6).

Kuffler and co-workers {(5) have es-
tablished that neuroglial cells in leeches,
amphibians, and mammals have high
resting potentials (often —75 to —90
mv), are selectively permeable to K+,
and are electrically inexcitable. They
may be depolarized as a consequence
of the release of K+ by neighbor-
ing neurons during either postsynaptic
or spike activity, and some current may
flow from one glial cell into another
through a low fesistance pathway
thought to be provided by gap junctions
?). ,

Cells in the cat cortex showing most
of these properties (8, 9) have now been
identified as glial cells by marking tech-
niques (0, 11). We have determined
glial membrane electrical constants; the
values obtained allow resolution of a
number of difficulties in the interpreta-
tion of glial function.

Five cats were anesthetized with
pentobarbital (35 mg/kg). Methods for
preparing the animal, reducing cortical
pulsations, and utilizing a Wheatstone
bridge to permit simultaneous stimula-
tion through and recording from fine
glass micropipettes filled with 2M
potassium-citrate have been described
(12). The electrical activity was led
through a short chlorided silver wire to
a driven shield Microdot cable and then
to a high input impedance amplifier
(Picometric amplifier, Instrumentation
Laboratory) that had low noise and fast
rise time. Electrode “switching” arti-
facts attending the “make” and “break”
of rectangular current pulses were kept
to between 150 and 175 psec by using
the lowest resistance (8 to 12 megohms)
electrodes that could satisfactorily im-
pale glial cells. Electrodes were checked
for distorting artifacts before and after
intracellular study by passing current
pulses of the same intensities that were
used during the intracellular study.
Slope analysis was restricted to the
period following * subsidence  of the
“make” artifacts (Fig. 1A), and a
method was devised for computing in-
put resistance from slope and applied
current measurements, which are made
independently of the “balance™ posi-
tion of the bridge trace. Thus. errors
due to electrode artifacts and bridge
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Table 1. Values of resting membrane potential,
time constant, and input resistance for corti-

“cal neuroglial cells ranked in order of in-

creasing resting potential.

R

Cell Ve T !
No. (mv) (usec) g;:;g)'
1 —50 411 18.8
2 —55 338 13.1
3 —58 632 9.2
4 —63 442 11.0
5 —65 217 15.9
6 —65 377 7.8
7 —66 347 5.9
8 -T2 478 4.7
9 —74 328 5.8
10 —76 354 6.6
11 —77 457 12.0
12 —78 384 12.7
13 —80 352 19.6
14 —87 307 4.5
15 —92 347 9.8
X —170.5 384.7 10.49
+ S.D. 1.7 93.9 4.88

imbalance have been eliminated. Anal-
ysis has been restricted to 15 neuroglial
cells with stable resting potentials of at
least —50 mv. These cells were re-
corded from the neocortex as judged
from micromanipulator depth readings
of 50 to 1500 um and from the fact
that, even after study of the deepest
cells, neurons could still be impaled at
slightly deeper penetration. . Sensori-
motor and sensory association cortices
were studied. The usual assumptions
that are made for analysis of current-
voltage changes across the parallel re-
sistance and capacitance of cell mem-
branes have been described elsewhere
12).

Resting potentials ranged from —50
to —92 mv and averaged —70.5 = 11.5
mv (Table 1). The membrane time con-
stant was determined by slope analysis
(12) of the membrane voltage changes
in response to rectangular current
pulses (Fig. 1, A and E). In all cases,
the plot of (log dV/dt) versus t was
linear, satisfying a differential equation
for an exponential curve,

dV /dt = Vu/7*et7

where V is voltage, V', is the maximum
voltage reached at times #>> =, ¢ is
time, and + is the membrane time
constant.

Representative traces were projected
onto the face of a Tektronix 565 scope,
on which was also displayed the expo-
nential charging curve generated across
a “dummy” cell consisting of a resist-
ance and a capacitance in parallel. The
scope time base and the current in-

tensity supplied to the dummy cell were
modified until an almost perfect fit
was obtained in every case (Fig. 1B).
Good exponential fits were not obtained
for neurons (Fig. 1, C and F) in which
the conductance of the profusely
branched dendritic trees dominates the
conductance of the soma; for these neu-
rons the cable equation applies (12,
13).

The glial time constant ranged from
217 to 632 psec and averaged 384.7 +
93.9 usec. Individual values are listed
in Table 1. There was no difference in
the values obtained with depolarizing
and hyperpolarizing pulses. No active
(regenerative) responses were seen,
even when the membrane was depolar-
ized by 50 mv. There was no evidence
of either slow membrane potential
shifts or a “second” membrane time
constant when current pulses were ap-
plied to neuroglial cells for durations
of approximately 100 times the passive
membrane time constant (Fig. 1C).

After the time constant was deter-
mined, the input resistance (R;) was
calculated from the expression

Ri=7/1s (dV/dts-o)

derived from the previous equation and
Ohm’s law, where I, is the applied
current and (dV/dt;_,) is the slope at
t =0 determined by extrapolating the
linear (log dV/dt) versus t relationship
back to time zero. Thus R; can be de-
termined independently of any uncer-
tainty in the positioning of the bridge
balance trace. For individual cells R;
ranged from 4.5 to 19.6 megohms and
averaged 10.49 =+ 4.88 megohms (Table
1). Current-voltage relationships in the
physiologic voltage range were linear
(Fig. 1D).

Six of the fifteen cells had resting po-
tentials from —76 to —92 mv, a range
well above the range for neurons (I2).
This finding is in accord with results
of workers who have studied neurons
and glia in the same preparation (5,
10); the high value is in keeping with a
membrane almost exclusively permea-
ble to K+. -

The extremely short membrane time
constant (384.7 usec) is less than
1/20th of the value for the Betz cell
(I12) but is of the same order as the
falling phase of the neocortical action
potential, the phase of highest K+
conductance (Fig. 1C). The glial time
constant falls within one standard devi-
ation of the value (311 =% 84 pusec) re-
cently found for human fetal astrocytes
in tissue culture (/4). These workers
measured the surface area of cells
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by photomicrographic planimetry and
checked for the limits of accuracy of
this technique by electron micrographic
study of sister cultures. From their
data on surface area, input resistance,
and time constant, they calculated the
membrane specific capacity as 0.8 to
2.0 pf/cm2 Taking this range of
values of specific capacity as appli-
cable to the feline glial cell whose aver-
age time constant is 384.7 psec, we
estimate the specific resistance (R,,) of
the cat glial membrane to be 193 to
482 ohm cm2. The higher value of R,
is probably a safe upper limit, because
membrane specific capacity (C;) has
rarely been found significantly less than
0.8 uf/cm? (15) and because R,,=7/C,.
Thus, the ionic conductance, the re-
ciprocal of the specific resistance,
which for the glial cell is almost entire-
ly a K+ conductance, is very high, no
less than 2.07 X 10—% amp/cm? mv or
1.29 x 101 K+ jon/sec cm? mv.
Neuroglial cells in the brain register
depolarizations of up to 5 mv during
the rhythmic 10/sec spindle bursts (10)
and up to 20 mv during intense synap-
tic bombardment of cortical neurons
(9). From the Nernst equation, at 37°C
a resting potential of —92.9 mv would
result if the intracellular and extracellu-
lar K+ concentration is 100 and 3
mmole/liter, respectively (5). Addition
of 1 mmole of K+ per liter to a 250-A
extracellular space adds 1.5 X 1012 K+
ion/cm2 of opposed glial membrane,

Fig. 1. (A) Voltage responses of
a cortical neuroglial cell to rec-
tangular current pulses. Extra-
cellular control recordings to
=+ 1-na pulses have been super-
imposed as center set of traces.
Resting membrane potential is
—78 mv. (B) Parallel resistance-
capitance network match (fine
line) of the charging curve of
a neuroglial cell at high gain.

which depolarizes the membrane by 7.6
mv. [Each action potential of the squid
axon can add a similar amount of K+
(16).] During 10/sec spindles, if K+
is released about equally during both
the excitatory and inhibitory phases of
the cycle, then 3 X 1018 K+ jon/cm?
sec are released into the extracellular
space. Taking the previous values of
the K+ conductance and a voltage
change of 7.6 mv, we calculate that a
current of approximately 9.8 x 1018
K+ ion/cm? sec is initiated, which is
ample to carry away the buildup of
K+. The safety factor is actually great-
er than the ratio 9.8:3 because K+
would be continuously carried away
before such concentrations could build
up.

Though no precise estimate for the
extracellular redistribution of K+
across a glial process can be made ow-
ing to the lack of dimensional data, a
least spread estimate is possible. The
smallest glial processes taper into lamel-
lar sheets of thickness 200 to 1000 A
(17). For a rectangular sheet of thick-
ness d, small with respect to its width,
the length constant

A=1[(d/2) * (Ru/R)T"

which is (2)* times greater than the
value given for a cylinder of diameter
d (13). Therefore, A for a 200-A
sheet would not be less than 18.4 um,
taking R,, as 200 ohm cm? and R; as
60 ohm cm (I8). No cross-sectional

Match is almost perfect after
subsidence of electrode -artifact.
(C) Charging curves of neuron
(above) and glial cell (below)
to rectangular current pulses in
the hyperpolarizing and depolar- mv
izing direction, respectively. (D) 20
Linear current-voltage relation-
shio for cell shown in (A). Cross
indicates resting membrane po-
tential. (E) Semilog plot of
(dV/dt) versus (t) of a glial -eor
cell to a 1-na rectangular cur-
rent pulse. The plotted points fit -80 -
a straight line which can be re-
gresced to t=0. At 1/e-dV/
dti-o. i = 7. (F) Semilog plot of
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value of A will be less than 18.4 pm
because the lamellar sheets expansively
broaden centripetally.

For a cylindrical process of infinite
extent under steady-state conditions,
transmembrane current loss and voltage
decay occur proportionally, and ¥V =
Vo e=*/» (13). For a least spread of
current calculation, the input resistance
of an average neuroglial cell (about 10
megohms, Table 1) will be “redistrib-
uted” along an equivalent reference cyl-
inder of infinite extent with a diameter
[derived from Rall’'s equation 10 (I3,
p. 499)] of 3.7 um. This procedure is
reasonable provided that most of the
cell’s input resistance is distributed at a
large distance from the process termi-
nation, a situation that is supported
by anatomic data (/). The length con-
stant of the reference cylinder using
comparable values of R; and R,, would
be 170 pm.

Because this value of A is so much
greater than that for the glial terminal,
the voltage at points along terminal
processes (of diameter <3.7 pm) will
be underestimated in calculations that
use the value 18.4 pum for A and that
are based on the above expression for
exponential decay. Similarly, the per-
centage of the total current dropped
beyond a given point will be underesti-
mated. For example, no less than 76 per-
cent of the current crosses the glial
membrane at distances greater than 5
pm, a length about 200 times the width
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of the extracellular space. Therefore,
even the finest glial processes permit
distribution of large amounts of K+ at
significant distances from the extra-
cellular spaces closest to areas of syn-
aptic contact.

As the principal extracellular cation
is Na+, the return current through the
extracellular spaces largely replaces K+
with Na+. Under these conditions, glia
do not take up K+; rather they trans-
port it from the most K-+-sensitive re-
gions near presynaptic terminals and
postsynaptic sites to more remote ex-
tracellular loci. The K+ moves until
extracellular inequalities are abolished.
In the process the leaked K+ becomes
more evenly distributed and diluted in
a relatively large volume of extracellu-
lar space (5).

The voltage distribution along glial
sheets described above differs from the
voltage distribution for the dendrites of

neocortical cells, which are both much .

wider in diameter and of much higher
membrane specific resistance (12, 19).
The fine glial sheets are poorly suited
for spread of potentials over distances
comparable to those involved in den-
dritic electrotonic propagation (100 to
1000 pm) (19). [Relative neuronal and
neuroglial contributions to cortical sur-
face potentials
(20).]

The glial time constant (385 usec)
is well suited for the membrane con-
ductance to transfer the leaked K+
attending the falling phase of the spike
(420 psec) (12) of neighboring neurons.
Once the firing level of a neuron is
reached, very slight changes in current
entering the cell produce very. great
changes in the firing frequency (21).
Thus one of the most exquisitely sensi-
tive signaling prerogatives of highly
integrative neurons is protected by the
glial processes that ensheath them.

The limiting values for the three
variables (+, R,,, and \) that control the
speed, magnitude, and extent of K+
movement across glial membranes
have now been determined. These data
provide a quantitative basis for glial
cells serving as “ ‘spatial buffers’ in the
distribution of K+ in the cleft system”
as originally suggested by Orkand,
Nicholls, and Kuffler (5). Moreover,
the value of R,, seems suited for an
optimal balance between rapid uptake
and transport of K+, A lower value of
R,, would result in a greater K+ cur-
rent for any given voltage generated
across a glial process but a shorter
“length constant” and a more limited
movement of K+ from critical regions.
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have been analyzed

A greater value of R,, would inversely
decrease the K+ current.

Stabilization of the K+ concentration
around the presynaptic terminals, where
packets of transmitter are released onto
neurons, is also of great importance.
At the neuromuscular junction, the
frequency of miniature end plate po-
tentials increases with external K+
concentration, particularly as concen-
trations rise above 10 mM (22). The
glial investments that enclose fiber
terminals in brain not only buffer such
terminals and the postsynaptic mem-

“ branes from the K+ released by both

pre- and postsynaptic activity but also
limit spread to and from other areas
of synaptic contact.

The passive transport system would
break down when a glial cell and its
processes become bathed uniformly.
When large accumulations of K+ are
released during intensive and pro-

longed neural activity, the. K+ “pumps?”.

described by Hertz (6) and others
would be of prime importance in re-
ducing the extracellular K+ (see also
(23). Flow of K+ into neighboring glial
cells through gap junctions and into
capillaries and cerebrospinal fluid
would now be mechanisms for K+ re-
distribution.

Anatomists have suggested that af-
ferent fibers carrying similar informa-
tion are segregated into the same com-
partments by neuroglial sheets or
cuffs (2, 24). The consequences of an
overload of extracellular K+ are first
restricted to those compartments in
which overload was initiated. Keeping
lost K+ close by may facilitate later up-
take by these fibers and neurons (see
also 25).

Peters and Palay (2) have proposed
as a general principle that the fine proc-
esses of astrocytes are so arranged
“that receptive surfaces of neurons are
insulated from all axonal terminals ex-
cept those that synapse specifically
upon them.” The extent of glial in-
vestment is related to the complexity of
the synaptic arrangement. At the elec-
tron micrographic level they find agree-
ment for the isolating role of neurog-
lia proposed by Cajal (I) over 60 years
ago from light microscopic observa-
tions. Our findings now provide a
physiologic explanation of the isolat-
ing process and an appreciation of the
great precision by which the neurog-
lial K+ “spatial buffering” system
(5) ensures the functional integrity of
the synaptic mode of information
transfer within the neuropile of the
normal brain.

Finally, though these results pertain
to astroglia of the mammalian neocor-
tex with its complex integrative re-
quirements, the evaluation of neurog-
lial functions at other loci and in other
classes must depend on the specific
structural and integrative requirements
of those nervous structures (25).

MicHAEL C. TRACHTENBERG*
DANIEL A. POLLEN
Neurobiology Laboratory, Neurosurgical
Service, Massachusetts General
Hospital, Boston 02114
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Neuroglia: Gliosis and
Focal Epilepsy

Abstract. Normal neuroglial cells
buffer the extracellular space around
neurons and presynaptic terminals
against increases in potassium ions.
Epileptic foci resulting from brain in-
jury are characterized by areas of in-
tense fibrillary gliosis bordering neu-
ronal tissue. The known pathological
changes that occur in gliosis may im-
pair glial control of extracellular po-
tassium ions and lead to excessively
excitable neuronal border regions.

Penfield and co-workers (1) estab-
lished that the glial scar (alone or as
part of a meningocerebral cicatrix) is
the irritative source for the focal sei-
zures that develop after anoxic or
traumatic. brain damage. On the basis
of our physiologic findings (2) and on
known pathological observations (1),
we now propose a pathophysiologic ex-
planation of posttraumatic focal epi-
lepsy. ,

During neuronal activity K+ is re-
leased into the extracellular space.
Increases in extracellular K+ concen-
tration lead to neuronal depolarization
and to an increase in excitability of
presynaptic terminals (3). In the nor-
mal brain the neuroglial K+ spatial
buffering system (4) transports enough
K+ away from sites of K+ release to
prevent marked (and undesirable) in-
creases in neuronal excitability (2).

Intracerebral and intraventricular in-
jections of potassium salts have long
been known to induce seizures (5).
Zuckermann and Glaser (6), who em-
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ployed chronic intraventricular injec-
tion cannulas to enforce local K+ ac-
cumulations to the normal feline dorsal
hippocampus, produced seizures with
K+ concentrations as low as 8.1 meq/
liter. Short trains of single shocks to
the dorsal hippocampus reduced the
K+ concentration necessary for seizure
induction to 5.4 megq/liter, and Zuck-
ermann and Glaser noted that in-
creased extracellular K+ might sim-
ilarly be a factor in precipitating hu-
man seizures.

In gliotic scar formation, proto-
plasmic astrocytes reorient, prolifer-
ate, fill with glial filaments, and be-
come fibrous astrocytes (I). In “epi-
leptogenic scars,” fibrous glial cells, in
various stages of proliferation and de-
generation, border thinned-out gray
matter or islands of relatively normal
neurons (/). Neuroglial attachments
to blood vessels, which are probably re-
quired to move K+ into capillaries, dis-
appear (). The marked capillary de-
crease in the border zone (1) suggests
a lowered glial metabolic activity. In-
termittent ischemia in the glial border
zone leads to patches of acute neuro-
glial degeneration (). Brain slices of
scar tissue from epileptic patients, un-
like slices of normal brain, fail to ex-
trude Na+ and take up K+ (7).

Structural, vascular, and metabolic
defects likely to impair the “passive”
K+ spatial buffering system and the
“active” K+ uptake have thus been
demonstrated or are strongly suggested
for epileptogenic glial scars. Moreover,
human fetal astrocytes raised under
relatively anoxic conditions can prolif-
erate but cannot maintain the high
internal K+ concentration needed to
establish a high, resting membrane po-
tential, and these cells move relatively
little K+ across their membrane in re-
sponse to increases in extracellular K+
(8). An abnormal handling of K+
in severe gliosis may bear directly on
neuronal hyperexcitability in focal epi-
lepsy.

We therefore propose as a hypothe-
sis that a decisive, but by no means the
only, factor in the development of post-
traumatic focal epilepsy is a degrada-
tion of neuroglial function, especially
with respect to the spatial buffering of
K+ and active K+ uptake. As the
safety factor with respect to extracel-
lular K+ control decreases, ordinarily
less critical factors (such as hyper-
thermia, alkalosis, and brain edema)
can more easily initiate a given seizure.
[If glial cells metabolize neurotrans-

mitters (9), loss of such a function
could be an additional factor altering
neuronal excitability.] The known ef-
fects of anticonvulsants on Na+ and
K+ balance (I0) are consistent -with
our hypothesis. If deafferentation hy-
persensitivity is a factor in the develop-
ment of focal epilepsy, as seems likely
(11), it would appear to be a con-
tributory rather than a sufficient factor
because, although it would be expected
to occur as frequently after clean sur-
gical excision of brain tissue as after
brain damage, the surgical procedure
is rarely followed by the development
of a seizure focus (7). The initiation

- of focal seizures that may follow surgi-

cal traction on a scar might result from
interference with neuroglial metabo-
lism secondary to vasospasm (I) and
mechanically induced dendritic de-
polarization, or both, as suggested by
Ward (I2). Contraction of glial fila-
ments might similarly produce scar
traction.

Our hypothesis may offer new ap-
proaches to both treatment and prophy-
laxis of posttraumatic epilepsy. At pres-
ent, therapy is generally directed against
the convulsive activity associated with
the scar rather than against the scarring
process. Glial scarring is not a static
process but may proceed relentlessly
over decades (1). Adjacent neurons are
victims of a chronic inflammatory proc-
ess involving vascular elements and
reactive gliosis. For this reason, the rel-
evance of developing and testing anti-
inflammatory agents for selective ef-
fects against gliosis is apparent [see also
(13)]. If the fibroblastic invasion and
collagen deposition, which occur when
the meninges are concomitantly in-
jured, impair K+ accessibility to glia,
then efforts might also be directed
against this mesenchymal aspect of scar
formation.

Lastly, if development of posttrau-
matic focal epilepsy is dependent on
genetic predisposition (I4), we wonder
whether the presence or absence of
epileptogenicity in association with hu-
man glial scars follows genetically de-
termined variations in the extent of
scar formation. In any case, a biochem-
ical understanding of the gliotic scar
process might allow control of the dele-
terious extremes of scar formation that
lead to focal epileptic discharge.
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