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Abstract 

Dynamic regulation of astrocytic processes by the electrical activity of local neurons has been previously described in chick 
cochlear nucleus. The present study extends this observation by showing that astrocytes in the rat lateral geniculate nucleus 
(LGN) also increase their immunoreactivity for glial fibrillary acidic protein (GFAP) soon after deprivation of afferent visual 
neuronal activity. Within 6 h of enucleation, which eliminates a major source of afferent input to the contralateral LGN, GFAP 
immunoreactivity increases relative to the ipsilateral LGN. A similar increase in GFAP immunoreactivity can be induced by 
intraocular injections of tetrodotoxin, demonstrating that a reversible manipulation of optic nerve electrical activity is sufficient 
to regulate LGN astrocytes. This rapid response to activity deprivation is less dramatic than the gliotic reaction observed 3 weeks 
following deafferentation, by which time afferent terminals have degenerated. These results support the notion that regulation of 
astrocytic processes by neural activity may play an important role in activity-dependent synaptic regulations in the various sensory 
systems of vertebrates. 
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I. Introduction 

The plasticity that astrocytes show in their morphol- 
ogy and function makes these glial cells likely players 
in the modulation of neural structure and function 
[10,16,25]. Astrocytes express voltage-sensitive ion 
channels [1] and have receptors for neurotransmitters 
such as glutamate [24]. Structural changes in astrocytes 
have been associated with synaptic regulation [4,14], 
and it has been suggested that astrocytic responses to 
afferent transmitter release are essential to the survival 
of developing spinal neurons in vitro [2]. Thus, it ap- 
pears that the role of astrocytes in the regulation of 
neural function extends beyond the long-recognized 
response to injury [13,18]. 

Our recent work has shown that the increased ex- 
pression of glial fibrillary acidic protein (GFAP) ob- 
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served following deafferentation may reflect, in part, a 
dynamic responsiveness of astrocytes to changes in 
neuronal electrical activity. Rubel and MacDonald [19] 
showed that increases in GFAP-immunoposit ive and 
silver-impregnated glial processes in chick nucleus 
magnocellularis occur within 4 -6  h of cochlea removal, 
too rapidly to be initiated by degeneration of afferent 
terminals. Canady and Rubel [3] used intralabyrinthine 
tetrodotoxin (TTX) injections to block electrical activ- 
ity in these afferents and found that activity blockade 
was sufficient to induce increased immunoreactivity for 
GFAP. Not only was blockade of afferent activity suffi- 
cient to increase GFAP immunoreactivity in nucleus 
magnocellularis, but the subsequent resumption of 
electrical activity resulted in a recovery to normal lev- 
els of GFAP immunoreactivity [3]. These prior results 
suggest that: (1) reduced electrical activity may con- 
tribute to glial reactions to neuropathological condi- 
tions, and (2) variations in neuronal activity under 
physiological conditions may modify the structure of 
local glial cells. 
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The results from the chick auditory system raise the 
question of whether regulation of astrocytic structure 
by neuronal activity occurs in other neuronal systems 
and other species. In the present study, we examined 
the astrocytic response to reduced neuronal activity in 
the lateral geniculate nucleus (LGN) of rats. The rat 
LGN was selected to take advantage of the highly 
crossed retinal projection in this species [20], which 
largely restricts the effects of experimental manipula- 
tions in one eye to the contralateral LGN, while keep- 
ing the ipsilateral LGN relatively unaffected. Thus, the 
effects of monocular manipulations can be evaluated 
within individual animals and within the same tissue 
sections. 

Astrocytic immunoreactivity for GFAP was exam- 
ined in the rat LGN at short intervals following either 
enucleation or suppression of optic nerve activity. First, 
the time course of glial changes in rat LGN following 
afferent manipulation was determined by examining 
GFAP immunoreactivity 3 h to 3 weeks following uni- 
lateral enucleation. Another group of rats was exam- 
ined after unilateral intraocular TTX injection to de- 
termine if suppression of electrical activity in LGN is 
sufficient to increase GFAP immunoreactivity. We re- 
port that enucleation results in increased GFAP im- 
munoreactivity in rat LGN within 6 h and that reduced 
afferent electrical activity is sufficient to elicit a similar 
increase in GFAP immunoreactivity. Some of these 
results have been presented previously in abstract form 
[5]. 

2. Materials and Methods 

The present  study is based on data from 34 female rats of  the 
Long-Evans  strain weighing 200-300 g. Twenty-three of these rats 
were subjected to monocular  enucleation, 4 rats received intraocular 
injections of TTX, and 7 rats served as unopera ted  controls. In 
addition, we also examined two rats that survived one week after 
monocular  injection of TTX. With the exception of three left-eye 
enucleates,  all of  the enucleates had the right eye removed. All of 
the TTX injections were done on the right side. 

Prior to the surgical procedures, rats were anesthetized by either 
inhalation of halothane (2% in air) or intraperitoneal injection of 
Equithesin (9.8 m g / m l  sodium pentobarbital,  42.5 m g / m l  chloral 
hydrate, 21.3 m g / m l  magnes ium sulfate, in 12% ethanol, 44% propy- 
lene glycol). Rats were monitored postoperatively while resting un- 
der a heat  lamp until fully recovered from anesthesia.  Enucleated 
rats were sacrificed at the following postoperative intervals: 3 h 
(n = 8), 6 h (n = 7), 12 h (n = 5), and 3 weeks (n = 3). Rats  treated 
with TTX were sacrificed after the second of two injections, given 3.5 
h apart. 

2.1. 7"FX injection 

Using a 10/zl Hamil ton syringe, 2 p,l of  3 mM  TTX were injected 
into one eye over a period of 10 min. The needle was left in place for 
an additional 10 min to minimize leakage from the injection site. The 
effectiveness of  the injections was evaluated by eliciting the pupillary 
reflex to light in a dark room. Failure of the pupil to constrict 

indicated a successful TTX injection [7,26]. This test was repeated at 
short intervals and, as soon as a partial constriction was detected, a 
second injection of 2 /zl of  3 mM TTX was given. In all cases, this 
occurred at 3.5 h after the first injection. All surgical procedures 
were performed according to protocols approved by the University of 
Washington Animal  Care Committee.  

2.2. Histology and immunocytochemistry 

At the end of their assigned survival periods, rats were deeply 
anesthetized with 0.3 ml sodium pentobarbital (Nembutal,  50 m g / m l ,  
i.p.) and perfused transcardially with 0.9% saline followed by 4% 
paraformaldehyde in 0.1 M phosphate  buffer. Brains were removed, 
blocked, dehydrated in a graded series of  ethanols, cleared overnight 
in methyl salicylate and embedded in paraffin. Coronal sections 
through the LGN were cut at 10 /zm and a 1 in 10 series was 
mounted  onto poly-L-lysine-coated glass slides. After  sections were 
deparaffinized and rehydrated, immunocytochemistry was performed 
using a Vectastain ABC kit (Vector Labs, Burlingame, CA) and 
standard methods  [3]. Sections were incubated overnight at room 
temperature  in a polyclonal ant iserum to bovine GFAP (DAKO, 
Santa Barbara, CA) diluted 1:1200. Diaminobenzidine (Sigma, St. 
Louis, MO) was used as the chromogen.  

A series of  adjacent tissue sections was also mounted  onto 
poly-L-lysine-coated glass slides and stained for myelin. The deparaf- 
finized and rehydrated sections were first immersed in filtered 10% 
ferric ammonium sulfate for 30 min. After  two washes in deionized 
water, the sections were immersed for 4 -6  h in stain solution (10% 
filtered, 10% w / v  alcoholic hematoxylin, and 7% w / v  filtered, 
saturated lithium carbonate). These myelin-stained sections were 
used to identify LGN borders for data analysis. 

2.3. Data analysis 

The relative intensity of GFAP immunolabeling in LGN ipsilat- 
eral and contralateral to activity blockade was analyzed using a 
BioQuant  Image Analysis system (R&M Biometrics, Nashville, TN) 
in a manner  similar to that used by Canady and Rubel [3]. Four 
nonadjacent  sections per animal were analyzed using a 40 x objective 
on a Leitz Aristoplan microscope. The microscopic image was re- 
layed by a Dage MTI CCD 72 video camera to a video monitor. 

Sections selected for measurement  appeared evenly stained, were 
symmetric in the transverse plane and contained sufficiently central 
portions of LGN so that three non-overlapping measurements  could 
be taken on each side of the brain. The border of  the LGN was 
determined by closely inspecting adjacent sections stained for myelin. 
For each side of each section, one measurement  was taken along the 
ventrolateral border of  LGN, one in the center, and one dorsomedial 
to the central measurement .  Each measurement  was made from a 
roughly rectangular area ( ~ 180/zm x ~ 120 tzm). The three diago- 
nally aligned rectangles covered well over half of the cross-sectional 
area of LGN. 

The microdensitometry system was set up to scan the selected 
area of the digitized image and recognize pixels of  the image whose 
optical density exceeded a pre-determined threshold. The threshold 
was selected to detect intensely stained astrocytic processes. The 
same threshold, as well as the same microscope and video camera 
settings, was used for both the experimental and control sides of 
each tissue section. Because immunocytochemical  staining intensity 
can vary across identically-treated sections, the threshold setting 
must  be adjusted for each section to achieve a consistent level of 
detection. Otherwise, the same absolute threshold could detect 20% 
of the area of a darkly-stained nucleus and only 0.5% of a lightly- 
stained nucleus. Thus,  quantitative comparisons can only be made 
between sides of  individual tissue sections (using the same threshold), 
and not between animals. For example, a difference in immunoreac-  
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tivity between the experimental LGN of one group and the experi- 
mental LGN of another group cannot be quantified. 

For each sampling area, the fraction containing suprathreshold 
pixels was calculated and expressed as a percentage of the sampling 
area. The three values obtained for each side were then averaged. 
The percent difference in area density of suprathreshold pixels 
between the contralateral and ipsilateral LGNs was then averaged 
across the four tissue sections for each animal. A positive value for 
the mean percent difference indicates more GFAP + astrocytic pro- 
cesses on the experimental (deafferented or deprived) side of the 
brain. The statistical significance of measured differences was as- 
sessed using one-way ANOVA. 

was omi t t ed  f rom the da t a  analysis.)  No  d i f ferences  
were  obse rved  be tw e e n  the  L G N  on the two sides of  
the  brain.  F o r  the  seven cont ro l  animals ,  the  m e a n  
pe rcen t  d i f fe rence  in a rea  dens i ty  of  sup ra th re sho ld  
pixels be tween  the  two sides of  the  b ra in  was 0.1 
(S.E.M. = 3.5%). The  resul ts  of  the  da t a  analysis a re  
p lo t t ed  in Fig. 1. D a t a  f rom the  two rats  that  survived 
one  week  af te r  an in t raocu la r  T T X  inject ion was not  
s ignif icant ly d i f ferent  f rom the u n o p e r a t e d  controls ,  
indica t ing  tha t  the  inject ion p r o c e d u r e  pe r  se d id  not  
cause  s ignif icant  re t ina l  damage .  

3. Results 

3.1. Control animals 

Sect ions  f rom u n o p e r a t e d  cont ro l  an imals  show 
sparse  label ing wi thin  L G N  as c o m p a r e d  to ad jacen t  
neura l  regions.  Labe l ing  is found  on bo th  classical ly 
s te l la te  astrocytes,  and  on what  a p p e a r  to be  bits  and  
pieces  of  as t rocyt ic  processes ,  pe rhaps  caught  in the  
sect ion as they  pass  th rough  at va r i ed  angles.  The  
d is t r ibu t ion  of  label ing a p p e a r s  somewha t  uneven  
across the  nucleus,  and  no consis tent  d i s t r ibu t ion  pat-  
tern  of  label  is found  across sections.  The  media l  
po r t ion  of  LGN,  for example ,  canno t  be  d is t inguished  
on the  basis of  G F A P  immunoreac t iv i ty .  The  pia l  sur- 
face is always we l l - l abe led  and several  bands  o f  label  
a re  o f ten  found  pa ra l l e l  to the  pial  border .  (This reg ion  

(3) 

150- 
0 
0 
c 125- 

~ 10o- 

a 75- 

~ -  
Q 
n. 25- 
C 
a 0 
0 
:E 

-25 - 

(7) 
T 

control 

(4) 

(7) (5~  

m 
7 hr 

1-1"X 

3 hr 6 hr 12 hr 3 wk 

EnucleaUon 

Fig. 1. Mean percent difference in area density of GFAP immunore- 
activity between the activity-deprived LGN as compared to the 
control LGN on the contralateral side of the same tissue section. 
Positive values indicate more immunoreactivity on the experimental 
side of the brain. Error bars represent standard error of the mean. 
The mean for each group, except the 3 h group, is significantly 
greater (P < 0.01) than that of the control group. The mean for the 7 
h group is significantly greater (P < 0.05) than the mean for the 3 h 
group, and the 3 week group mean is significantly greater (P < 0.01) 
than all other means. Control refers to unoperated, control animals. 

3.2. Enucleated animals 

By 3 h fol lowing enuclea t ion ,  small  d i f ferences  in 
G F A P  immunoreac t iv i ty  be tw e e n  the  ips i la te ra l  and  
con t r a l a t e r a l  L G N s  can be  measured .  I nc r ea sed  G F A P  
immunoreac t iv i ty  in the  L G N  con t ra l a t e ra l  to enucle-  
a t ion  is ba re ly  de t ec t ab le  th rough  casual  microscopic  
observa t ion  in sect ions f rom most  3 h animals ,  and  not  
de t ec t ab le  in some.  The  increase  in G F A P  immunore -  
activity a p p e a r s  in pa tches  d i s t r ibu ted  r andomly  
th roughou t  the  LGN.  Many  G F A P  + processes  in the  
expe r imen ta l  L G N  a p p e a r  th icker  than  most  of  the  
p rocesses  found  in the  cont ro l  L G N  on the cont ra la t -  
eral  side. The  B i o Q u a n t  analysis  r evea led  a d i f fe rence  
in m e a n  sup ra th re sho ld  G F A P  immunoreac t iv i ty  of  
17.5% (S.E.M. = 7.6) on the  expe r imen ta l  side as com- 
p a r e d  to the  con t ra l a t e ra l  LGN,  but  this d i f fe rence  was 
not  s tat is t ical ly signif icant  ( P  < 0.10). 

A t  6 h af ter  enuc lea t ion ,  inc reased  G F A P  immuno-  
react ivi ty in the  expe r imen ta l  L G N  is a p p a r e n t  in 
sect ions  f rom most  animals .  As  obse rved  in the  3 h 
animals ,  the  G F A P  immunoreac t iv i ty  on the exper i -  
men ta l  s ide a p p e a r s  patchy,  but  covers more  of  the  
L G N  because  of  the  size and  n u m b e r  of  pa tches  of  
G F A P  + processes .  Again ,  no pa t t e rn  to the  d is t r ibu-  
t ion of  immuno labe l  is appa ren t .  The  d i f fe rence  in 
a rea  densi ty  of  G F A P  immunoreac t iv i ty  averages  27% 
g re a t e r  (S.E.M. = 7.9) in the  expe r imen ta l  L G N  as 
c o m p a r e d  to the  oppos i t e  L G N ,  and is s tat is t ical ly 
s ignif icant  ( P  = 0.01). 

By 12 h fol lowing enuclea t ion ,  inc reased  G F A P  
immunoreac t iv i ty  in the  expe r imen ta l  L G N  is readi ly  
a p p a r e n t  and  cons is ten t  across sect ions  and across 
an imals  (Fig. 2). The  labe l ing  p a t t e r n  is s imilar  to that  
found  in sho r t e r - t e rm  enuclea tes ,  but  the re  a re  more  
and th icker  G F A P  + processes .  T h e  m e a n  increase  in 
a rea  densi ty  of  G F A P  immunoreac t iv i ty  is 32% 
(S.E.M. = 4.2). This  d i f fe rence  is s tat is t ical ly s ignif icant  
( P  < 0.01). 

T h r e e  weeks  af te r  enuc lea t ion ,  the  L G N  on bo th  
sides of  the  b ra in  has  n u m e r o u s  thick and heavily 
b r a n c h e d  G F A P  ÷ processes ,  with far  more  and  th icker  
processes  appea r ing  in the  expe r imen ta l  L G N  (Fig.  3). 
The  m e a n  increase  in a rea  dens i ty  of  G F A P  im- 
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munoreactivity for the 3 animals studied 3 weeks after 
enucleation is 156% (S.E.M. = 12.4) and is statistically 
significant (P < 0.001). Although quantitative compar- 

isons of immunocytochemical labeling between animals 
cannot be made, a consistent qualitative difference 
between the control LGNs of enucleates and the LGNs 

Fig. 2. Dorsal LGN at 12 h after monocular  enucleation, immunosta ined for GFAP.  A: control side, ipsilateral to enucleation. B: experimental,  
contralateral side of same tissue section. Note increased amount  of  GFAP-immunoposi t ive  processes. Bar = 50/~m.  
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of  u n o p e r a t e d  an ima l s  is obse rved .  A n  i n c r e a s e d  n u m -  

be r  o f  th ick  a n d  heavi ly  b r a n c h e d  G F A P  pos i t ive  p ro -  

cesses  is c lear ly  a p p a r e n t  in t he  c o n t r o l  L G N s  of  3 

w e e k  e n u c l e a t e s ,  and  cons i s t en t ly  a p p e a r s  to a less 

d r a m a t i c  ex t en t  in t he  con t ro l  L G N s  of  s h o r t - t e r m  

e n u c l e a t e s .  

r 

Fig. 3. Dorsal LGN at 3 weeks after monocular enucleation, immunostained for GFAP. A: control side, ipsilateral to enucleation. B: 
experimental, deafferented LGN, from contralateral side of same tissue section. Note increased amount of GFAP immunopositive processes on 
both sides of the brain, with dramatically increased quantity and thickness of processes on deafferented side. Bar = 50 ~m. 



3.3. TTX animals 

Tissue from the animals studied after 7 h of TTX 
treatment show clear differences in GFAP staining 
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between experimental and control sides. The mean 
difference in area density of GFAP immunoreactivity is 
52.3% (S.E.M. = 16.9) and is statistically significant 
(P  < 0.001). Interestingly, the absolute values of GFAP 

~ .... 

Fig. 4. Dorsal LGN after 7 h of  monocular  activity blockade, immunosta ined for GFAP.  A: control side, ipsilateral to TTX treatment.  B: 
experimental LGN, from contralateral side of same tissue section. Note increased amount  of  GFAP-immunoposi t ive processes on activity-de- 
prived side and sparse labeling on the control side. Bar = 50/xm.  
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immunoreactivity in both the contralateral and ipsilat- 
eral LGNs appear to be less in TTX-treated animals 
than in enucleates (Fig. 4). The ipsilateral, control 
LGN of TTX-treated rats appears more like the LGN 
of control animals (data not shown) in that the sparse 
GFAP immunoreactivity is distributed in patches 
throughout the nucleus. Whether this difference in 
constitutive staining levels reflects random variation in 
the immunocytochemical staining or a bilateral effect 
of enucleation could not be determined. 

4. Discussion 

The present results show that astrocytic GFAP im- 
munoreactivity in the rat visual thalamus, as in the 
chick cochlear nucleus, can be rapidly regulated by 
altered afferent neuronal activity. These results suggest 
that rapid regulation of glial cell structure by afferent 
neuronal input may be a general phenomenon across 
different species and neural systems. Additional evi- 
dence in support of this idea comes from studies show- 
ing that glial upregulation of GFAP in response to 
short-term neuronal activity blockade also occurs in 
perisynaptic Schwann cells at the frog neuromuscular 
junction [9]. 

While nerve stimulation prevents the GFAP upregu- 
lation in both the chick nucleus magnocellularis (NM) 
and at the frog neuromuscular junction, these activity- 
dependent glial responses appear to operate by differ- 
ent mechanisms. In the chick, the GFAP increase is 
prevented by any form of neuronal depolarization: 
orthodromic, antidromic, or orthodromic with trans- 
mitter release blocked by a low-calcium medium [4]. In 
contrast, GFAP upregulation at the frog neuromuscu- 
lar junction cannot be prevented by nerve stimulation 
when neurotransmitter release is blocked. Thus, al- 
though GFAP upregulation in response to neuronal 
activity blockade appears to be common to a variety of 
species and neural systems, this regulation may occur 
through a variety of mechanisms. 

The increased GFAP immunoreactivity observed in 
the present study reveals a change in astrocytic pro- 
cesses of the LGN receiving reduced afferent activa- 
tion. The methods used in the present study do not 
provide measures of absolute levels of GFAP im- 
munoreactivity, which would indicate, for example, 
whether there is a contralateral effect of enucleation. 
Likewise, the methods employed here do not measure 
the extent of variation above and below the detection 
threshold. The only quantitative comparisons we can 
make are of relative changes in GFAP immunoreactiv- 
ity between the treated and untreated sides of individ- 
ual tissue sections. 

The increased GFAP immunoreactivity observed in 
the present study could result from increased synthesis 

of GFAP and distribution within existing processes, 
through a proliferation of processes, by assembly or 
disassembly of intermediate filaments, by altered pro- 
tein phosphorylation, by glial process swelling, or 
through a combination of these events. Based on our 
previous studies of the rapid glial reaction to activity 
blockade in the chick NM, it is likely that the increased 
GFAP immunoreactivity observed in the rat LGN re- 
flects a proliferation of astrocytic processes. The 
three-dimensional reconstruction of silver-impregnated 
glial cells by Rubel and MacDonald [19] revealed a 
91% increase in glial process length and a 110% in- 
crease in the number of glial processes per cell in the 
NM of chicks sacrificed 4-6  h after cochlea removal. In 
that study, chicks studied 6 h after cochlea removal 
also showed an 84% increase in GFAP immunoreactiv- 
ity. More recently, we have studied electron micro- 
graphs taken from the NM of chicks sacrificed 6 h after 
cochlea removal [4]. We find a dramatic increase in the 
proportion of NM neuronal surface apposed by glial 
versus neuronal membrane. Considered together, these 
studies suggest that the increased GFAP immunoreac- 
tivity observed in the rat LGN after brief disruptions of 
afferent input represents a proliferation and reposi- 
tioning of astrocytic processes along with a redistribu- 
tion or synthesis of GFAP protein. 

The dramatic qualitative and quantitative differ- 
ences between the short-term enucleated animals and 
the 3-week enucleates may reflect the difference be- 
tween a reversible glial response to changes in neu- 
ronal activity and a permanent gliotic reaction to neu- 
ronal degeneration. Similar differences were observed 
in the chick NM at 3 h versus 3 days after cochlea 
removal. In the chick NM, afferent terminal degenera- 
tion, postsynaptic neuronal atrophy and transneuronal 
death are complete by 3 days after cochlea removal. 
The increase in GFAP immunoreactivity is also far 
greater at 3 days than at 3 h after cochlea removal, due 
to increases in both the number of intensely stained 
processes and glial cell proliferation [12,19]. The in- 
crease in GFAP immunoreactivity observed after 3 h of 
afferent activity blockade, however, can be reversed by 
the resumption of neuronal activity [3]. 

The greater percent difference in area density of 
GFAP immunoreactivity between the activity-deprived 
and control sides of the brain for TTX-treated animals 
as compared to enucleates (Fig. 1) may reflect the 
differences observed between the control LGNs of 
these two groups. The control side of the brain for 
TTX-treated rats had the sparse pattern of GFAP 
immunoreactivity found in the LGNs of unoperated 
animals. This differed from the control side of enucle- 
ates in which we noted a qualitative pattern of slightly 
more patches of thicker and more immunoreactive glial 
processes. This trend toward elevated GFAP im- 
munoreactivity in the control LGN of enucleates was 



K.S. Canady et al. / Brain Research 663 (1994) 206-214 213 

far more dramatic in the 3-week enucleates as com- 
pared to the short-term enucleates (Figs. 2 and 3). 
Glial reactions contralateral to a deafferented region 
have been reported at one or more days post-lesion in 
the hippocampus [8,22] and visual cortex [11]. Thus, 
any bilateral effects of deafferentation may begin in 
moderate form during the first hours. If there are early 
ipsilateral effects of deafferentation on astrocytes in 
the rat LGN, however, they are apparently not induced 
by activity blockade alone. 

The sensitivity of astrocytic morphology to altered 
neuronal activity may be an important component of 
activity-dependent neural modifications. The potential 
for glial involvement in synaptic reorganization has 
been suggested by in vitro studies of cerebellar ex- 
plants [14] and by in vivo studies of parasympathetic 
ganglia [17]. The in vitro studies show an increase in 
synaptic contacts when the glial population is reduced, 
while the in vivo studies show that glial cells do not 
remain stationary over time. 

In the visual system, there are numerous examples 
of rapid and reversible changes in neuronal properties 
induced by various forms of sensory deprivation during 
development (e.g., see Refs. 15, 21, 23). For example, 
Chino et al. [6] have recently reported substantial reor- 
ganization of the retinotopic map in adult cat visual 
cortex within hours of monocular enucleation. It is 
possible that these functional changes are mediated, at 
least in part, by dynamic changes in astrocytic pro- 
cesses induced by altered neuronal activity. For in- 
stance, labile astrocytic processes could help modulate 
the effectiveness of synapses by inserting themselves 
between inactive terminals and their targets, as well as 
by releasing newly active terminals from electrical iso- 
lation. 
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