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Summary. Thc  neuron cell boclies and glia cells are 
separatccl by ;i iiLirrow intcrcellul:ir cleit cif  200 A.  We 
pre \a i t  liere e\.iclcncc tliat perik~irya ncuronal and 
pei-incuroii:il glia of thc s~ipcr ior  collic~ilus o f  the 
O/.\.c~tolrlgics ('/c/li~.11111.s c ~ n i m u i i i c ~ ~ t e  t l i i o~~g l i  gap-like 
j~inctions nccording to  ultrastructui-al parameters. Tliese 
j~inctioiis \vould mean somc degree of elccti-onic 
coiipling bct\vccn neuroii cell hodies a n d  perineuron:il 
2li;i ccIl\. 
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wlio5e fuiiction bns  ttie ~ ip take  of tlie exce\\ in the 
surro~iriding 11c~irori:iI space. As  a subsecl~ient 
phcnoinenon to  tlie neuronnl activitv, thc K+ flow in the 
iicuron-glia iiiterccllulur spaec depolarizes the glinl 
ineinbranc. Tlic depolarization is passively propagated 
tlirough tlie glial cells that communicate by gap-like 
junctions (Massa and  Mugiiaini. 1982: Mugiiaini, 1982). 
l'liis fact Iiclps to regulate tlie extraeellular K+ 
concentr:itioii. but nlso unleashcs glial metabolic 
responses. \ucli as glicogen synthcsis and its neuronal 
carriagc. Intercellular contact zones between conriccted 
cells has suggcsteii that gap-like junetions act like low 
resistance waqs, that make the intercellular ioiiic 
carriage easier. 

lntroduction 
Materials and methods 

Glial cclls have niany h!.pc)thesizcd roles in the 
iicr\ou\ sy5tcrii. but ion and voluine regulation is now 
one of the hest documented. Tlie estracellular K '  
rcgulntor'; mechanisms are particularl'; intcresting. K +  
can he rcnioved froiii a site of accumuI:ition. such as 
iii-ound active neurons. by extracellular cliffusion, 
intracell~ilar net uptnkc alons with anions or  in escliange 
for cations. aiid passi\.e eritry \,¡a glial K' channels. with 
1-cdistributioii to areas of low K+ concentration. formiiig 
tlie <.spatial buffer mcchaiiisiii» (Abbot .  1986). It has 
becn s~iggested that tlic K+  incorporatioii by astrocytes is 
I lionicc)\tatic iriechaiiism posterior tci nervous 
conduction. Tlie neuron-glia interactions liavc been 
studied hq Grossmun and Seregin (1977) and by 
Latzkovitz (1974): the K* carriagc bctween glial arid 
iicuronal cells Iias been deinonstrated in several diffcrcnt 
:istrocytic cult~ire systeins. A cornparisoii of the uptake 
capabilitics of astrocytc and ricliroii cultures suggest that 
tlit. glia i i i  vivo could be responsihlc for a greater 
1"-oportioii of K-  uptake than ncuroiis. Tlie cellular 
ciiltui-e\ \liowed tlie presence of ccliigh potassi~im glia)). 
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Thc  esperimentation animal was tlie pigirierited 
rabbit (Or:\.c.toll~glis t i c ) .  Following 
anaestlietization ( 6 %  chloral Iiydrate). adult male (30 
postnatal days) were perfused througli tlie left ventriele 
with saline ~o lu t ion  i'ollowed b'; fixative (2.5% 
pai-aformaldehyde, 2% glutnraldehyde in 0.1 M 
Sorensen pliosphate buffer witli 0..5'% C1,Ca). 

Subseq~iently. the brains were removid and fixed hq 
iminersion iii  tlie samc fixative. Brains were scctioned iri 
sagittal planes, then osmicated (2% OSO,). embeijded and 
seetioned for clcctron mici.oscopy. Ultratliin sectioris. 
countcrstained witli lead citr~ite,  wcre examinated with a 
Philips-301 electron inicroscope. Pliotographs were 
takcii on Kodak 4489 E . M .  film. 

Results 

Transniissioii electron niicroscop!; riiostly revealed the 
presence of a cle~ir intercellular space between the limiting 
inembranes of the neuronal perjkarya and the perineuronal 
glia; this space was about 200 A aiid both menibranes ran 
parallel to each other (Fig. 1 ) .  They showed the classic¿il 
morpliology of membranes i i i  thiii sections. 
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In ¿i srnall number of cases, we found iinages that 
suggested tlie presence of gap-like junctions. W c  
observed between neuron pei.ikarya and pcrineuroii¿il 
gli~i. tlie existente of zones occupied by electrondeiise 
material. and prosimity of both memhranes witli n 
reduction of thc intercellular spacc :ii-o~ind 30-40 A.  
Tliesc ultrastructurril characteristics agrce with the 
cliissical description of the gap-like junctioris. Tlie 
nicmhrane svsteins oí' iieuron pcrik;ii.!,;i \ icrc poor i i i  

oi-ganelles niid only containecl soine ciidopl:i~iriic 
reticuluin cistcrns, that stood close t i )  tliosc niembraiic 
zones althougli not in direct apposition (Figs. 2. 3) .  

Fig. 4 shows siinilar images. \ilici.c tlie pi-e\.iousl! 
descrihed s~ibinemhriiiiiil cisteriis co~iltl be seen. l'he 
ohservation of the pcrineuroiial glia that formed gap-like 
junctions did not rcvc:il any organules i i i  tlic reduccd 
cytoplasinic fr~iction. 

Fig. 1. Intercellular cleft between 
neurona1 perikarya and perineuronal glia. 
r. 6000 

Fig. 2. Gap-likejunctions. The membrane 
system of neuron perikarya contains only 
some endoplasmic reticulum. 
lntercellular space around 30-40 A. 
x 5000 

Fig. 2A. The arrow shows a detail of 
gap-like junction. x 25000 
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Fig. 3. Gap-like junctions between 
neurona1 perikarya and perineuronal glia 
u 5000 

3 
Fig. 3A. The arrow shows a detall of 
cisterns of endoplasmic reticulum x 
25000 

Fig. 4. Heterocellular gap-like junction 
between a neuron perikarya and a glial 
cell. u 4500 

Discussion i-cl:itcd to tlic Iiiiiitiiig gli;~ o r  betwceri thc glia tli~it 
enslieat tlie hlood \.cs\cls. Thc gap-like jurictions ullo\\: 

.l'lic gap-likc junctions hnvc bccii dcsci-ihed hetwccn tlic t'i.cc intcrchaiigc o f  ions and smnll inoleculcs. 
:idj:iccnt gliiil cclls i i i  tlic central ncrvoiis scstcin. These pointiiigo~it tlic f~ict  thnt astroc)itcs forin a brain s!.ncitio- 
i~iiictions ai-c moi-c f'rcquent in the ccll~ilui- processcs likc coiiip¿irtiiient (Bcniiet. 197s: Vai-on. 1979). By 
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menns of quantitative frceze-fracture replica Referentes 
esamination tw6 kinds o f  ~ a r t i c l e s  are dem-ibed.  ' 0 n e  
consists of large, irregular particlcs clensely pucketl: 
these are called polygonal piirticlc juiictions and are 
prcsent just below thc ccrehellar surfacc in tlie processcs 
of tlie glia limitants, between radial Bergrnan fihres. and 
occasionally throughout thc inolecular layer. Thc otliers 
are called asscmblies: tliese are small intramembranc 
particles (6-7 nm perioclicity) packcd in orthogoiial 
arrays in square or  rectangular aggregates. Their 
localization in astrocytic m e m b r a n a  juxtaposed to  
vascular structures suggests a role i i i  transport 
mechanisrns (Gabclla, 1981; Massa rind Mugnami, 1982; 
Duffi. 1983). 

Thcrc arc few references about the preseilcc of gap- 
likc junctions between neuroiial anci noii-neurona1 
clements (Lanc. 1981). In tliis s t u d  we describe 
niembrane specializiitions between neurons and glial 
cells in the  superior colliculus of inammals. and we 
identify them LIS gap-like junctions according to tlicir 
iiltrastructural charactcristics. Tliesc sainc kinds of 
intcrccllular junctions have becn localizatcd in tlic 
telcosteo Procambarus (Cuadras et al.. 1985). These 
authors describe gap-like junctions bctwccn iic~iroiis and 
gliiil cclls in abdominal ganglios of tliose anirnnls. 
Contrasting with our observations. they found a large 
number of membrane speci¿ilizotions along tlic limiting 
membranes of both kinds of cells. Actually it is supposed 
tliat gap-like junctions could signifv 21 swift ionic diffusion 
way, specially for K +  carriagc in botli directions. This 
fact wo~i ld  mean some kind of electronic coupling foi- thc 
cited cells. 

Fig. 4A. Frarne of Fig. 4. reduction of the 
intercellular space. electrodense 
material. x 19000 
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