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The membrane potential and membrane input resistance of cortical astrocytes from newborn mice were recorded with and without exposure 
to 1 mM barium. Barium treatment drastieaily decreased the membrane response to 0 and 35 mM K +. It also revealed an electrogenic 
component of the Na+,K+-ATPase as evident by a biphasic depolarization as a response to ouabain, which was monophasic without barium 
presence. Untreated mouse astrocytes reacted with small monophasic depolarizations to OABA and glutamate exposure. Barium-treated 
astrocytes exhibited additional transient responses to both transmitters, similar to those responses of rat astrocytes as found in the literature. 
The transmitter responses were not changed by exposure to uptake blockers for both transmitter substances. Thus, this electrophysiologicai 
study confirms earlier studies with radioactive K + fluxes in showing that astrocytes derived from mouse brain are capable of short-circuiting 
electrogenie components and transmitter responses. This extreme high K + permeability resembles the one reported for endfeet of retinal 
Muller cells and dissociated astrocytes from optic nerve. 

INTRODUCTION 

It has b e e n  shown that  cu l tu red  mouse  and  rat  astro- 

cytes differ f rom one  a n o t h e r  in one  of  the most  impor-  

tant  features  of glial cells: the channe l -med ia t ed  K + 

flux 2s. The  un id i rec t iona l  K ÷ flux in mouse  astrocytes is 

abou t  20 t imes higher  than  in rat  astrocytes and  it seems 

cul ture  condi t ions  canno t  be  selected to overcome this 

dif ference in a major  way 27. However ,  if mouse  astro- 

cytes are exposed to ba r ium,  their  K ÷ fluxes decrease  by 

95% and  are in the same range  as the fluxes of rat  as- 

trocytes.  Moreover ,  it was found  that  act ivat ion of the 

N a + , K + - A T P a s e  in rat  astrocytes leads to an  electro- 

genie c o m p o n e n t  of the  m e m b r a n e  poten t ia l  of  up  to - 3 0  

m V  3A5. In  contras t ,  mouse  astrocytes do no t  show any  

e lect rogenic  c o m p o n e n t ,  even  u n d e r  condi t ions  of  Na  t 

loading  3°. The  different  specific m e m b r a n e  resistances of  

mouse  and  rat  astrocytes in cul ture  could be responsib le  

for this p h e n o m e n a .  Since the K ÷ permeabi l i ty  of glial 

cells is the most  crucial p roper ty  of the spatial  buffer  

theory  for K ÷ regula t ion  by glial ceUs 2°, such differences 

canno t  be  over looked  and  have to be  addressed.  In  elec- 

t rophysiological  s tudies to date  rat  astrocytes were used 

almost  exclusively,  with m a n y  authors  be ing  unaware  

that  such an  appa ren t  species difference exists and  there-  

fore ignor ing the impor t ance  for the  in te rp re ta t ion  of the 
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results.  In  this s tudy,  we use type- l - l ike  cortical astro- 

cytes f rom mice and  invest igate  some basic electrical  re- 

sponses with and  wi thout  b locking bar ium-sens i t ive  K + 

channels .  We then  compare  the  results with k n o w n  prop-  

erties of rat  astrocytes in cul ture.  

MATERIALS AND METHODS 

Cell culture preparation 
Astrocytes from newborn mice were cultured as described by ref. 

4 in MEM growth medium. For the first week the horse serum 
concentration was 20%. Thereafter a 10% serum concentration was 
used. The cells were kept on glass coverslips in 60-mm-diameter 
culture dishes with 3 ml MEM medium. Twice a week the medium 
was changed. After 14 days the cultures were confluent monolay- 
ers. The cultures used in these experiments were 2-4 weeks old. 
Before an experiment the eoverslip was broken into smaller pieces 
and incubated for 2-8 h in physiological salt solution containing 1 
mM dbcAMP (37 °C). This treatment is necessary in order to 
round the cells up for impalement 3°. 

Cell identification 
In tissue derived from mouse brain, A2B5 cannot be used for 

identification of type-l-like and type-2-1ike astrocytes 6. In rat tis- 
sue, cultures yielding almost exclusively type-l-like astrocytes are 
gained from newborn rats, whereas type-2-1ike astrocytes are gained 
from 3-day-old rats. Rat type-l-like astrocytes (A2B5-) are flat cells 
and react to dbeAMP with contraction so that they appear bipolar. 
In contrast rat A2B5 + astrocytes (type-2-like) have at least 5 pro- 
cesses and do not react to dbcAMP treatment (~<8 h) with mor- 
phological changes. Cells were impaled that were GFAP-positive 
and after dbcAMP treatment had a bipolar nature and no pro- 
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cesses. In addition these glial fibrillary acidic protein (GFAP)-pos- 
Rive bipolar mouse cells did after 1 h exposure to 10 4 M GABA 
not stain positive for GABA, whereas cells from mouse cultures 
which are GFAP-positive and have at least 5 processes do stain 
positive for GABA after 104-4 M exposure (Magoski, Walz and 
Juurlink, in preparation). This is in keeping with the observation 
by Levi et al.13 that type-2-1ike rat astrocytes take up GABA and 
store it, whereas type-l-like rat astroeytes take up GABA and me- 
tabolize it, keeping the internal GABA concentration below the 
detection limit. Thus, we are confident that the bipolar, dbcAMP- 
sensitive, GFAP-positive cells are type-l-like cortical astrocytes, 
according to the definition by Raft 21. 

Experimental set-up 
The coverslips containing the astrocytes were placed in an ex- 

perimental chamber which was fixed on an inverted phase contrast 
microscope. The volume of the bath solution in the chamber was 
low (300/~1) and the perfusion rate was high (3 ml/min). The bath- 
ing fluid was connected via a strip of filter paper with the bath ref- 
erence electrode (Ag-AgCI pellet). The recording temperature was 
25 *C. 

Microelectrodes and recording conditions 
Single capillaries with 1.2 diameters out of borosilicate glass and 

containing an inner filament were used (Clark Electromedical In- 
struments, Pangbourne, U.K.). They were pulled on a PE-2 Nar- 
ishige puller and had a tip diameter of approx. 0.3/am. The elec- 
trodes were filled with 0.5 M KCI. The resistance was in the range 
of 90-150 MQ. The impalement was accomplished with a micro- 
positioner using a Neurodata IR 283 preamplifier penetration sys- 
tem. The preamplifier was used to inject current pulses (20 ms du- 
ration). The voltage signal and the current trace was displayed on 
an oscilloscope and on a pen recorder. There was no electrical in- 
terference when current was injected. Tests were made for any in- 
fluence of the various solutions on the potential of the bath refer- 
ence electrode. No potential changes could be recorded with broken 
microelectrodes if the normal salt solution in the experimental 
chamber was replaced by any of the solutions used in the present 
experiments. One cell was used only for one experiment to rule 
out irreversible effects and desensitization reactions to neurotrans- 
mitter application. After an experiment the piece of coverslip in 
the experimental chamber was discarded and replaced with a new 
o n e .  

Salt solutions 
Physiological salt solution which was aerated with 5% CO 2 and 

95% 02 to give a pH of 7.35 had the following composition (in 
mM): NaCI 123, KC1 3.5, CaC12 1.2, MgSO4 0.8, NaHCO 3 26, 
NaH2PO4 0.8, glucose 10. In some experiments the K + concentra- 
tion was increased to 35 mM by omitting Na + in a 1:1 molar fash- 
ion, K+-free salt solution had KCI omitted. Solutions containing 
barium had MgSO 4 and NaH2PO 4 removed in order to prevent 
precipitation as barium salts. 

Drugs 
All drugs used were obtained from Sigma Chemical Co. (St. 

Louis, MO) except ouabain which was from Boehringer Chemicals 
(Marmheim, ER.G.).  They were dissolved in the salt solution im- 
mediately before an experiment. Barium was used as BaCI 2. 

Statistical analysis 
Student's t-test was used with P < 0.05 as the criterion for sig- 

nificance. Mean and S.E.M. are reported throughout the text. 

RESULTS 

Basic electrical properties 

T h e  m e m b r a n e  po ten t i a l  o f  the  cells used  in this s tudy 
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Fig. 1. Pen recording of the membrane potential of an astrocyte 
which was exposed for 20 min to 1 mM barium. 

was - 7 5 . 0  - 1.3 m V  with  a range  f r o m  - 6 2  to  - 9 0  m V  

(n = 68). T h e  inpu t  res is tance was m e a s u r e d  wi th  59 o f  

these  cells and found  to be  17.2 --- 2.2 Mr2 with  a range  

o f  4 - 5 0  Mf~. 

Barium effects 
B a r i u m  I m M ,  depo la r i zed  the  m e m b r a n e  to  a p l a t eau  

va lue  o f  22.5 -+ 5.2 m V  (n = 6) m o r e  pos i t ive  than  the  

n o r m a l  m e m b r a n e  po ten t ia l .  Fig.  I is an e x a m p l e  o f  such 

a b a r i u m  effect .  T h e  p l a t eau  r e m a i n e d  s table  for  at least  

30 min.  T h e  m e m b r a n e  input  res is tance  d id  no t  show 

any significant changes  w h e n  ba r ium was appl ied .  

Effects o f  barium treatment on Nernst potential and elec- 
trogenic responses 

I f  ex te rna l  K + was r e m o v e d  for  15 min ,  the  m e m -  

b rane  hype rpo l a r i zed  t rans ien t ly  by - 5 5 . 9  -+ 1.7 m V  (n 

= 6) as shown in the  e x a m p l e  o f  Fig. 2A.  T h e  m e m b r a n e  

then  depo l a r i zed  wi th in  15 rain to a va lue  o f  56 m V  m o r e  

posi t ive  than  the  res t ing po ten t ia l .  A f t e r  r epe r fus ion  
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Fig. 2. Pen recordings of the membrane potential from 3 different 
astrocytes. A: exposure for 15 rain to zero K+-contalning salt so- 
lution. B: exposure to 1 mMBa 2+ during the barium exposure pe- 
riod the K + of the salt solution was removed for about 20 min. C: 
the cell was exposed for 4 rain to 35 mM K+-containing salt solu- 
tion. After repolarization the cell was exposed to 1 mM barium. 
During the barium exposure period the K + was again increased for 
5 rain to 35 mM. 
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Fig. 3. Pen recordings of the membrane potential from two differ- 
ent astrocytes. A: the cell was exposed for about 15 min to 1 mM 
ouabain. B: the cell was exposed to 1 mM barium. During the bar- 
ium exposure period, the experimental chamber was perfused for 
ca. 10 min with ouabain-eontaining salt solution. 

with normal K ÷ (3.5 mM) the membrane transiently de- 
polarized by 6.4 - 1.4 mV to repolarize to a final stable 
potential 7.0 --- 1.0 mV more positive than the original 
resting potential. The input resistance increased tran- 
siently by 132 --+ 60% to reach control levels after the 
membrane repolarized to its final stable potential. 

If the astrocytes were first exposed to 1 mM barium 
to reach a new steady level and the K ÷ was removed 
during the presence of barium, the cells did not hyper- 
polarize but depolarized by 30.7 --- 2.3 mV (n = 3) 
within 15 min. Upon reperfusion with normal K + con- 
centrations the cells repolarized to the original mem- 
brane potential. The input resistance did not change 
measurably during the K + removal. Fig. 2B illustrates a 
typical response of such a cell. 
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Fig. 4. Pen recordings of the membrane potential from two differ- 
ent astrocytes. A: the cell was exposed for 8 min to 1 mM gluta- 
mate. B: the cell was exposed to 1 ram barium. During the barium 
exposure period i mM glutamate was added for 8 rain. This cell 
showed an exceptionally high increase in input resistance. The 
mean value for all 5 cells tested showed no significant difference of 
the input resistance during glutamate application. 
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Fig. 5. Pen recordings of the membrane potential from two differ- 
ent astrocytes. A: the cell was exposed for 20 min to 1 mM GABA- 
containing salt solution. B: the cell was exposed to 1 mM barium. 
During the barium-exposure period 1 mM GABA was added for 8 
min. 

Fig. 2C represents another series of experiments. The 
cells were first exposed for about 4 min to a 10 times 
elevated K + concentration (from 3.5 to 35 mM). The 
cells depolarized by 49.5 -- 1.3 mV (n = 3), a response 
that was completely reversible. Thereafter 1 mM barium 
was introduced and after reaching a plateau value the K + 
was again increased by 10 times in the presence of bar- 
ium. Under these conditions the reversible membrane 
depolarization evoked by the K + increase was 25.0 -+ 0.6 
mV (n = 3). 

Application of ouabain (1 mM) alone results in a de- 
polarization, which for the first 10-15 min has a constant 
rate of 1.2 --+ 0.2 mV/min (n = 9) (see Fig. 3A). If 
ouabian is added in the presence of barium, as in Fig. 
3B, ouabain application causes the following biphasic 
effects: at first there is a very rapid depolarization (10.2 
--- 1.7 mV/min; n = 3) and then a second depolarization 
with a slower rate 1.2 _-x- 0.2 mV/min (n = 3). The 
amplitude of the first, rapid depolarization was 7.7 --- 0.9 
mV (n = 3). All effects were reversible. 

Effect of glutamate 
If glutamate (1 mM) was applied a reversible depo- 

larization of 9.2 --- 0.8 mV (n = 5) occurred (see Fig. 
4A). The input resistance increased by 86 --- 46% (n = 
5). In the presence of barium, glutamate caused a more 
complicated response (Fig. 4B). There was at first a 
transient depolarization with a maximal value of 15.4 --- 
6.2 mV (n = 5). The membrane potential then reached 
a plateau value 9.0 - 3.5 mV (n = 5) more positive than 
the potential with barium alone. This depolarization was 
reversed when glutamate was removed. During gluta- 
mate exposure the input resistance did not change sig- 
nificantly. 

Effect of GABA 
GABA (1 mM) application resulted in a slow, slightly 

biphasic depolarization that did not recover with wash- 
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Fig. 6. Pen recordings of the membrane potential from two differ- 
ent astroeytes. A: the cell was first exposed to 1 mM barium, then 
1 mM SITS was added. After a short period 1 mM glutamate was 
given in addition to Ba 2÷ and SITS. After ca. 10 min the drugs 
were washed out one by one in reverse order. B: the cell was first 
exposed to 1 raM barium, then 1 mM fl-alanine was added. After 
a short period 1 mM GABA was given in addition to Ba 2+ and 
fl-alanine. After 10 min the drugs were washed out one by one in 
reverse order. 

out (see Fig. 5A). The amplitude was 6.2 --- 1.2 mV (n 

= 3) for the first part of the response and the smaller, 

second part had an amplitude of 3.5 --- 1.3 mV. The first 
response was gradual (0.9 -- 0.2 mV/min) as compared 

to the second response (1.8 --+- 0.4 mV/min). During 
GABA exposure the input resistance went up by 134 --- 

46%. If GABA was applied in the presence of barium, 
this resulted in a transient, spike-like response (Fig. 5B). 

The spike had an amplitude of 10.3 ___ 1.8 mV (n = 6). 
The response then reached a final potential 3.2 _ 1.1 

mV (n = 6) more positive than the potential in the pres- 
ence of barium alone. The membrane potential did not 

repolarize from this new baseline when G A B A  was 

washed out; however, when the barium was removed as 

well, the potential recovered to almost resting levels. 
The input resistance did not change significantly. 

Effects of amino acid uptake inhibitors on the GABA and 
glutamate response 

SITS (1 mM) was used in the presence of barium to 
investigate its effect on the glutamate response (Fig. 

6A). In the presence of barium, SITS application alone 
had no effect. If glutamate was applied in the presence 
of barium and SITS, its response was not different from 
the one in the presence of barium alone (of. Fig. 4B). 

fl-Alanine was investigated for its effects on the 
GABA response. In the presence of barium, fl-alanine 
caused a small 1-1.5 mV depolarization. If GABA was 
now added in the presence of barium and fl-alanine, the 
GABA response was not significantly changed (see Figs. 
5B and 6B). 
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DISCUSSION 

Barium effects on electrical properties 
The cells used were GFAP-positive and had all the 

features which are usually attributes of A2B5- cells, al- 

though in cultures derived from mouse brain A2B5 can- 

not be used as criteria to distinguish between type-l- and 

type-2-1ike cortical astrocytes (see Materials and Meth- 

ods). The membrane potential of -75 mV at 3.5 mM K ÷ 

is in the range of previous literature reports for cultured 
astrocytes 24. The input resistance is higher than previ- 

ously reported for these cells and does not appear to be 
sensitive to barium 29, however this might be due to dif- 

ferences in the cell density, since the input resistance and 
its changes are mainly a measure for the extent and 

changes of electrical coupling between cells and not of 

the specific membrane resistance. We reported previ- 
ously 23 that barium treatment (50 ~M to 10 mM) dou- 

bled the input resistance of mouse astrocytes whereas 
the unidirectional transmembrane K ÷ fluxes decreased 

to 5% of the value of untreated cultures. This is a clear 

sign that the input resistance cannot be used as a mea- 

sure of changes in the specific membrane resistance. It 
is, however, useful as an estimate of changes of the ex- 
tent of coupling in the culture 1°'29. The effects of bar- 

ium on membrane potential and input resistance were 

similar to those previously reported for mouse astro- 
cytes 23'28. Barium application abolished the 56 mV tran- 

sient hyperpolarization induced by zero K + and it re- 

duced the membrane depolarization, obtained by a 10- 

fold increase of the external K + concentration from 50 
to 25 mV. Previously, Walz et al. 3° have shown that the 

52-mV slope they obtained for a 10-fold increase of the 

external K + concentration for their mouse astrocytes, 
reflects an exclusive K ÷ permeability of the membrane. 

The deviation of the slope from the 60 mV was ex- 
plained by a rapid uptake of K + and therefore an in- 
crease of the internal K + concentration. Thus, the 50-mV 

slope obtained in the present study using the same cells 
reflects this exclusive K + permeability combined with an 

increase in the internal K ÷ concentration. We have pre- 
viously shown that 1 mM barium does not significantly 
block the astrocytic Na+,K+-ATPase 28 and therefore 

should not interfere with the K + uptake. The fact that 

barium treatment abolishes the -56 mV hyperpolariza- 
tion when the external K + concentration drops close to 
zero and halves the depolarization obtained by a 10-fold 
increase of K ÷, is in keeping with an inhibitory action 
of barium on the permeability of a majority of K + chan- 
nels. This reaction of barium-treated mouse astrocytes 
resembles rat astrocytes which, exposed to reduced K + 
concentrations hyperpolarized only by about 2-3 mV 11. 

Barium treatment results in an additional rapid depo- 



124 

larization phase of 8 mV as a response to ouabain. This 
fast ouabain response is similar to electrogenic contribu- 
tions of the Na+,K+-ATPase of rat astrocytes which are 
ouabain-sensitive 3'15. Untreated mouse astrocytes do not 

show any indication of a ouabain-sensitive electrogenic 
component. If barium-treated mouse astrocytes are ex- 

posed to 1 mM fl-alanine there is a small, but statistically 
insignificant depolarization that could be in keeping with 
an electrogenic uptake of this amino acid involving 
cotransport with Na + ions. Na + inward flux would create 
such a depolarization and it is in keeping with findings 
by Larsson et a l )  2 that astrocytes take up fl-alanine with 
a much higher velocity than GABA. Thus, taken to- 
gether, there is clear evidence that barium-treatment 
blocks a large part of the mouse astrocytic K + perme- 
ability. This results in less sensitivity of the membrane 
potential to changes in external K + and removes a part 
of K + permeability that was short-circuiting electrogenic 
currents. The electrical responses of barium-treated 
mouse astrocytes are very similar to those of rat astro- 
cytes in culture. 

Glutamate and GABA activated responses 
Barium treatment transforms the glutamate response 

to mouse astrocytes from a monophasic 9 mV depolar- 
ization to a biphasic response with a transient maximal 
amplitude of 15 mV. The same biphasic responses with 
slightly larger amplitudes for rat astrocytes were found 
by other authors 3'7'9. SITS blocks glutamate uptake into 
astrocytes 31 and it did not interfere with the glutamate 

response of barium-treated mouse astrocytes, a clear sign 
that this biphasic response is not due to electrogenic 
effects of glutamate uptake. Backus et al. 1 found that the 
glutamate response of rat astrocytes is due to a receptor 
which is activated by both kainate and quisqualate. Al- 
though we did not undertake a pharmacological receptor 
characterization, we assume that the same receptor re- 
sponse as in rat astrocytes is underlying the effects. The 
GABA response of the mouse astrocytes is biphasic with 
a maximum amplitude of about 10 mV. Barium treat- 
ment adds a spike-like component of 10 mV amplitude to 
this response. In rat astrocytes it was found that the 
GABA response is temperature-dependent yielding its 
peak at about 14 °C. At 25 °C the response is almost 
identical with the one of barium-treated mouse astro- 
cytes 8. fl-Alanine, which blocks at a concentration of 1 
mM about 50% of the GABA uptake into astrocytes 12, 
does not interfere with the response. Therefore a recep- 
tor activation could underlay the response. Kettenmann 
and Schachner 9 established that a receptor similar to the 
neuronal GABAA receptor is responsible for the action 
in rat astrocytes. 

Rat-mouse astrocytes membrane properties 
In this study we showed that primary cultures from rat 

and mouse brain differ electrically. This difference is 
entirely due to a large barium-sensitive K + conductance 
of the cultured mouse astrocytes, as already suggested by 
earlier measurement of the radioactive unidirectional K + 
flux 25. These radioactive flux measurements suggested 

that in mouse astrocytes this barium-sensitive component 
accounts for 95% of the total unidirectional K + flux and 
that the remaining 5% are in the same magnitude as the 
fluxes of rat astrocytes. It is unlikely that this difference, 
which would greatly interfere with the spatial buffer cur- 
rents of astrocytes, represents a real species difference of 
astrocytic function between mouse and rat brain. An 
obvious question is then which culture system, if any, 
represents the in vivo conditions, the best. Electrical 
responses from brain slices or in vivo preparations are 
very problematic to compare with cultured astrocytes, 
since the degree of coupling and K + accumulation in the 
ECS make such a comparison difficult. Thus, these ad- 
ditional effects accompanying ouabain application and 
K ÷ depletion make it impossible to judge if these in situ 
systems have an electrogenic component. Astrocytes in 
brain slices react to glutamate and GABA application 
with non-spike-like depolarizations 14'26, but again 

changes in external K ÷ concentrations make compari- 
sons difficult. Evidence for an extremely large K + con- 
ductance in glial cells in situ comes from indirect mea- 
surements: Nicholson and Phillips TM studied ion diffusion 
in rat cerebellum using ion-selective micropipettes and 
ionophoretic point sources. They found that for a variety 
of cations and anions the laws of macroscopic diffusion 
were closely obeyed assuming that the ECS occupies 
about 20% of the rat cerebellum. The movement of K + 
in an electrical gradient, however, behaves as if the ECS 
has a volume of more than 100%. The anomalous nature 
of K ÷ migration can be solved by assuming that the ion 
does not remain in the ECS but is in fact the major 
current carrier across cell membranes. Hounsgaard and 
Nicholson 5 measured changes in the extracellular K + 
concentration in the vicinity of Purkinje cells in guinea 
pig cerebellar slices. No extracellular K + changes were 
seen when the cells were hyperpolarized with current 
passage or during subthreshold depolarization. Only dur- 
ing spike activity was there a rise in extracellular K +. In 
the vicinity of glial cells, however, hyperpolarizing and 
depolarizing currents changed the extracellular K + con- 
centration in a symmetrical manner. These experiments 
demonstrate that the anomalous nature of K + migration 
is mainly due to movement through glial cell membranes, 
which have a resting K + conductance similar to the neu- 
ronal one at the peak K + conductance during an action 



potential .  This point  is underscored  by exper iments  f rom 

ol igodendrocytes  of  mouse corpus cal losum slices. 

Whole-cel l  c lamp measurements  demons t ra te  that  the 

K + equil ibr ium potent ia l  is able to shift within millisec- 

onds to changes in the membrane  potent ia l ,  due to ex- 

t remely  high conductances 2. The  K + channel ,  which is 

responsible  for  this in situ proper ty ,  was found to be 

barium-sensi t ive,  and it is not  found in cultures of  oli- 

godendrocytes .  Thus,  in this case a K + channel  respon- 

sible for the ex t reme high K + conductance got  lost dur-  

ing the culture procedure .  A similar mechanism could 

under l ie  in the case of  rat  astrocytes.  However ,  in all 

l ikel ihood,  the  p rob lem is even more  complex:  Mammal -  

ian Mul ler  cells do have regional  specializations 17'19'22. 

Their  endfeet  have an ext remely  high K + conductance 

(360 pS per  channel) ,  whereas  the soma does not.  New- 

man 1~ confirmed further ,  that  freshly dissociated am- 

phibia  astrocytes from the optic nerve had a K + conduc- 

tance,  which is 10-fold higher  at the endfeet  than at the 

soma. The  increased K + conductance is due to inward 

rectifying K ÷ channels,  which are barium-sensit ive.  So 

far no studies exist, that  a t t r ibute  regional  conductance 

differences to astrocytes in culture. I t  may be speculated 

that  culture condit ions do not  preserve the regional  dif- 

ferent iat ions of  astrocytes in situ. I f  so, it could well be 

that  cul tured mouse astrocytes have only endfeet  prop-  

erties preserved and cul tured rat  astrocytes have only 

proper t ies  of  the soma membrane  preserved.  Obviously,  
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