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INTROD UCTION 

A neuron is a co m p lex cell with many 
processes coming ou t o f its perikaryon. These 
p ro cesses arc the numer ou s dendrites and a 
si ng le a xon. The d endrites of different thickness 
branch in all d irections, di viding and subd ivid ing 
to form a complex arborcsccncc. Besides, 
processes from other neurons end lip eit he r on 
the perikaryon su rface, or on the dend rite 
surfaces. Moreover, by adding to all this the g lia l 
sa tellite cells, whose processes infiltra te all the 
em p ty spa ces left among the neu ral branches, we 
come to a very com plica ted ct -u p, which is 
known as neu ro pil e . The cell bodic - o r perikarya 
of both neu ro ns a nd glia l cells arc embedd ed into 
thi s sponge-like mass. Thi s is the basic structural 
organization a t the level of th e cen tral nervous 
sys tem (CNS) (l ). 

Out of all the neuron processes, ther e is 
on ly one, the axon, which is centrifuga lly bou nd 
and extends directl y to its terminal with none or a 
few branches. Its length is determined by 
thccsituation of the target to whi ch the ax on is 
aimed, and along its parthway, gli al sa tellite cell s 
arc sequ e n tia lly arranged around the a xon 
sur face from its e mergence at the axon hillock to 
its final target ending . The nerve fiber then is the 
result of this so r t of symbiosis: the cen tra l core 
formed bv the axon and th e external co ve r 
formed b); the glial sa telli te cells. As known, in 
the peripheral nerve, the g lial sa tell ite cells arc 
the Schwa rm «'115 (1) . 

The nerve fiber is considered to be the 
anatomical and physio logical unit of the nerves. 
However, it is a peculiar unit, since it is formed 
not by one cell, but by a combi na tion of t\VO ce ll 
types closely apposed and phy siol ogically 
coupled, though independent. 

A variable number of nerve fibe rs 
KEYWORDS grouped together iorm it fascicle. In the fasc icle . 
freeze -fracture, g ia n t peripheral nerve fib ers, loo se connecti ve tissu e (fibrocyt cs and fibri ls ) is 
optic nerve. interposed a mong the ne rve fibers. Each fascicle 
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Invertebrate Peripheral and Central Nerves 

Fig. 1 Cross section of a rat sciatic nerve exhibiting the two types of nerve fibers integrating the 
vertebrate peripheral nerve: myelinated (M) and unmyelinated (U) ones. Scale - 1 um, 

is individualized by a peripheral wrapping know The Vertebrate Peripheral Nerve Fibers 
as the perineurium, the cells constituting it being 
attached by tight junctions (2). The perineurium In the vertebrate, two types of nerve 
behaves as a barrier to diffusion similar to the fibers , the myelinated and the unmyelinated ones, 
blood-brain barrier of the central nervous system coexist in the fascicle, the differences being, the 
0-5), opening the perineurium being necessary in myelin sheath interposed between the axon and 
order to see the penetration of electron-dense its satellite Schwann cell in the myelinated fibers. 
tracers (6) such as thorium dioxide, lanthanum. and the number ofaxons related to a single 
ferriti n, etc. Schwann cell in the unmyelinated ones (Fig. 1). 

Fig. 2 Cross section fo the squid Dosidicus gigas giant nerve fiber showing part of the axon (A), the 
Schwann layer (S) with the extense and elaborated interdigitations of the Schwann cells, and the 
endoneurium (E) . Scale =1 urn. 
Fig. 3 Electron micrograph of a squid Spioteuihis sepioidea nerve fiber showing the diffusion of 
thorium dioxide from the endoneurium (E) to the .axon (A) surface. The electron-dense marker 
penetrates the intercellular clefts of the Schwann cell layer (S) to reach the axon-Schwann cell 
interspace. Scale = 0.5 urn. 
Fig. 4 Axon (Al-Schwann (S) cell boundary of a giant nerve fiber of squid S. sepioidea. A structural 
complex (arrow) involves both the axon and the Schwarm cell plasma membranes. Note the 
characteristics of the complex: the subaxolemmal density, the conspicuous trilaminar substructure 
of the axolemma and the close apposition of this latter membrane to the adjacent Schwann cell 
membrane. Scale =0.1~. 

30 



G. M. Villegas 



Invertebrate Peripheral and Centra l Nerves 

Th e m yelin shea th , as demonstrated by 
Geren (7), is the plasma membrane o f the 
Schwarm cell spi rally wra pped around the axon . 

mcs a xon is fi rs t formed by th e closed 
ap posit io n of th e tw o lid s of th e SChWal1I1 
cy toplasm, once th e axon has been completely 
su r ro u nded b y th e sa te lli te cel l. The n , the 
mcsaxon elonga tes and wraps i tse lf as a sp ira l 
line . The cytopl asm o f th e Schwarm cell is 
in terposed between contiguous turns and later is 
sq ueezed o u t, myelin beco m ing a com pact 
multilam ina ted structure. 

If the myeli n shea th is a dependency of 
the Schwa rm ce ll pl sarna m embrane, and the 
Sch wa rm cells a rc indi viduals lined a ro u nd the 
axon , then , a t eac h cel l end ing , the myelin shoa t 
also comes to a n end , and for m s th e s truc tu re 
know n as node o f Ranvicr, Si nce m yeli n is 
formed by the sp ira l wrapp ing of a shovel-like 
sheet (8), its longitunidal section at the level 0 a 
node characteris tically appea rs as double dense 
lines obliquely di rec ted toward s the axon surface 
and arranged one af ter th e o the r, with Schwann 
ell cy to plas m in ter posed be tw een two 

neighboring ones (9,10 ). The ou termost double 
line segmen t re flects itself an d is continuous with 
the Schwarm cell plasma membrane. At this site, 
this membran e forms finger-like processes w hich 
interd igita te wit h the o nes belo ng ing to the 
ad jacent chwa n n cell. In such a way, the axo n 
belo v... is p ro tected by a loose layer vvhich allo ws a 
free an d rapid diffusion . Thi s arrangeme n t seems 
to be the morphologic correlati on for the sa ltat ory 
cond uction (11). 

Web ster ct al. ( 12) demonstrated th at 
there is a sequcnce in the myelinating pro cess . In 
the cmbryonary s ta te , all th e axo ns a rc 
unmyelinated . There is a sort o f reco gni tion of 
cer tai n axons by the neighbori ng Schwarm cells, 
a nd those axons int cntcd to be myelinated, a re 
first segrega ted toward s th e peri ph ery of the 
bundle, then are segregated by a so r t of ton gue 
from th e encircl ing Sch wa nn cell, and later 
iso lated insid e a pocket of thi s sa tellite cell. Only 

when thi s o ne- to-one axon-glia rela tio nship is 
a ttained, myel ination occurs . 

Invertebrate Peripheral N erve Fibers 

Other types ofa xo n-g lia rcl a tion shi p, 
accordi ng to th e axon di ameter a nd the number 
o faxo ns occu rring in the same sing le fiber in the 
in vertebrates arc fou nd . Thu s, in the squ id and 
a lso in lobster, crayfish a nd polychact cs, w ich 
posses on ly unmyelinat ed fibe rs, d iff erent types 
of axon-Schwarm cell rel ationship have been 
fou nd : th e ones ex is ti ng in th e ver tebrate 
peripheral and central nervous systems and also a 
special one ori ginated by the presence of gian t 
axons in those a nimals (13) . In ve rtebra tes, the 
rapid nerve conduct ion is acco m p lished by 
insula ting the nerve with the my eli n shea th; in 
the case o f the above-mentioned invertebra tes the 
fas t co nduct ion is ac hieved by increasing the 
axon d iam eter, thus es tablishing a new axon-glia 
re la tionship . In ord er to encircle the la rge axon 
perime te r, it is nc essary to multiply the num ber 
of Schwarm cells in a cross section. These cells are 
closely apposed to the axon surface, and thei r 
en d s a re hi g hly in terd ig ita ted (Fig. 2), thus 
creati ng tort uo us intercellular pathways tha t 
connect the pcriaxona l space with the bulk of the 
e xtra ce ll u la r s p a ce represented by the 
endone urium 04,15). 

In the squ id, each Schwarm cell is a 
rec tang u lar sheet measuring abou t 45 by 60 urn ., 
wit h a va riable thi ckness rang ing fro m 0.2 urn in 
so me spe cies ( 6 ), u p to 6 urn in the gia n t squid 
Do sidicus gigas (17). 

The permeabi lit y of th e in tercell ula r 
spaces o f the Schwarm cell layer was pr esumed 
from early stud ies on the di ffusion of K+ (18) and 
tri tiat ed wa ter ( 9 ) and lat er show n by us by 
using thorium di oxide as a marker (Fig . 3) (20). In 
su h a way, it W ,lS demons tra ted tha t the only 
con tin uous ba rrie r int er posed bet ween the axo n 
cy toplas m and the bu lk of the ex trac el lu lar spilce 
was the axon pla sma membran e o r axolcmma . 

Fig. 5 Freeze-fracture replica of the squid giant nerve fiber showing several membrane faces (EF 
and PF) in the Schwann layer corresponding to fractured interdigitations. Note the protuberances 
on the E-face and the corresponding pits on the P-face (arrows). CY, Schwann cell cytoplasm and E, 
endoneurium with fractured collagen fibrils. Scale =1 urn . 
Fig . 6 and 7. Replicas exhibiting the axon (Al-Schwann cell (S) boundary in squid giant nerve 
fibers. Note the ridges (arrows) formed by IMPs linearly arranged on the P-face of the axolemma 
and on the E-face of tile Schwann cell adaxonal membrane. This arrangement could be related to 
the sites ofaxo-glial coupling represented by the structural complexes. E, endoneurium. Scale =1 
urn. 
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Invertebrate Peripheral and Central Nerves 

Thi s membrane can di scriminate by size ions and 
molecules, and therefore it was pointed out as the 
excitable membrane of nerve (21). 

As any other cell plasma membrane, the 
axolcmrna appears in the electron microscope as a 
trilaminar image, 80 to 100 A thick, its thickness 
increasing with the aging of the animal up to a 
plateau of about 105 A (13). Structural complexes 
irregularly spaced along the axon-Schwarm cell 
boundary have been described (22) . They arc 
characterized by three mainly morphologic 
features: (a) the constant trilaminar substructure 
which confers a sort of rigidity to the axolernma 
at su ch a level; (b) the existence of an electron
dense material lining this membrane on its 
axoplasmic aspect, similar to the post-synaptic 
dense material; and (c) the tapering off of the 
axon-Schwann cell inters p a ce to total 
di sappearance by the close appostion o f both 
plasma membranes (Fig . 4). These com p le xes 
seem to be specialized zones fo r ac tive tra nsport 
and also sites of coupling of the axon and its 
sa te lli te glial cell mediated by a cholinergic 
system (23). 

Recent stud ies using the freeze-fracture 
technique (24) have confirmed the ar rangemen t of 
the var ious eel lay ers in the g ia n t fiber of the 
squid, but also have revealed some other features 
of th e membrane faces inaccessible to thin 
sections. Protuberances and their complementary 
pit images have been observed in the axolemma 
fractures faces, as well as in the neighboring 
Schwarm cell membrane (Fig. 5). These images 
could be the morphologic correlates for the 
exchange of subs tances, be acetylcholine, proteins 
or some other ma cromolecules, between the axon 
and its sa te lli te glial cell, as demonstrated by 
Lasek and Tytcll (25) and by Inoue ct al, (26) . 

Bes id es, presence of intramembranous 
particles (IMP) in longitudinal arrangements or 
forming ridges, in both the axolernmal face and 
the adaxonal Schwann cell membrane face (Figs. 
6 and 7) may be correlated with the sites of axo
glial coupling, corresponding to the structural 
complexes observed in thin sections. the 
axolemrna P-face possess numerous small IMPs 

and also larger ones, 10-16 nm, similar to those 
su gges ted to represent some sodium channel 
components in the squid Loligo (27). 

The smaller It-.·IPs, more numerous, arc 
not uniformly scattered in the P-face; on the 
contra ry they tend to cluster in zones separa ted 
by areas having no or only a few particles. This 
arrangement was first reported by Chang & 
Tasaki (27) and more recently observed by us in 
the giant axon of the lobster (28). 

At the axon periphery, most of the 
cy to p la sm ic components seem to be more 
concentrated (29) (Figs. 2 and 7). Vesicular 
profiles situated very clo se to the surface have 
been described by Hodge & Adelman (30) as 
radially oriented cisterns of the agranular 
reticulum. In addition, Henkart et al. (31) have 
pointed au t the close re la tionship of these 
pcriphcra I cisterns and the sequester! ng 0 f 
calcium ions penetrating to the axoplasm during 
stimulation. In replicas, these su baxolc m rna l 
cisterns have bee n confirmed in the squid (24), 
whereas, in lo bs te r gia n t axons the mo s t 
numerous and conspicuous organelles subjacen t 
to the axolcm ma are mitochondria (28) . In the 
case of the squid axon, the cy toskele ton, and 
specially the micro tu bu les co ntributing t its 
formation, have been pointed ou t as s tructu res 
involved in the functioni n g of e xcita b le 
membranes, its probable function being to control 
the spat ial in teractio n of proteins regula tin g the 
io n ic permeability. This is the hypothesis 
proposed by Endo, Sakai & Matsumoto (32), and 
by Metuzals and Tasaki (29). Also, the coiling and 
uncoiling of the filaments, as well as their sliding 
in the network could also account for the 
mechanism of axonal transport (33). 

Beyond the adaxonal glia or Schwalm 
cell, the giant nerve fibers arc individually 
ensheathed by a special endoneuria! arrangement 
formed by layers of cells interleaved with 
collagen-filled spaces. Endoneurial cells exhibited 
different features in replicas of different 
invertebrate species. In the squid (Fig. 8), replicas 
show abundant cross-fractured infoldings in the 
cell membrane, some of them continuous with the 

Fig. 8 Fracture plane through the endoneurium depicting the endoneurial cell (EO interleaved by 
spaces containing collagen and extracellular matrix (dark, wide spaces). Intracellular invaginations 
(arrows) of the matrix material are observed. 5, Schwann cell adaxonal membrane. Scale =1~. 

Fig. 9 and 10. Freeze-fracture replicas of the endoneurium of the giant nerve fiber of lobster. As 
observed, the endoneurial cells exhibit large amounts of exo-endocytic profiles with protuberances 
in the E-face and their complementary pit images in the P-face. Scale = 1 J.lID. 
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Invertebrate Peripheral and Central Nerves 

matrix of the collagen-filled spaces, others look
like f r act u r e s through cytoplasmic 
interdigitations between adjacent cells (24). 

In the lobster (28), the image of the 
fractured cndoncurial cells is dominated by an 
exceeding number of exo-cndocytic profiles (Fig. 
9 and 10). Besides, clustered IMP image 
corresponding to intercellular gap junctions, as 
well as linear arrangement of IMPs forming 
incomplete, facia type, tight, junctions are 
observed. 

Finally, in the crayfish (34), fracture 
replicas reveal conventional features in the 
cndoncurial shoat cells, as in any other cross
fractured cell m embrane (I MPs, exo-cndocytic 
profiles) and also special imag es of la rge, 
grouped craters which have bee n associated to 
the openings of the cytoplasmic tubular lattice 
system. This system, fir st repo rted in the 
Schwarm cells of the lobster gia n t nerve fibers (35) 
has been occasionally observed in the same cells 
of the squid giant fiber (6). However, in the 
cra yfi h, lattices arc numero us in the ad axo nal 
gl ia, as well as in all the cell layers conforming 
the endoneurial sh eath (36 ). The tubular lattice 
has been postulated as a facilitated transccllular 
pathway for ions and molecules accounting for 
the unrestricted permeability noted in crayfish 
nerves. In the lobster, however, more recent 
studies (28) have shown that the tubular lattices, 
though present, play a lesser role in the 
movement of solutes than in the crayfish nerves. 
In the lobster, the outer sheath 0;- epineurium 
associated to an endoneuria! enshea thrnent of 
greater thickness is more effective in hindering 
diffusion of ion and molecules towards and from 
the axon surface'. 

Central Nerve Fibers of Vertebrates and 
In vertebra tes 

The squid optic nerve, as its homologous 

the olfactory nerve of the garfish (37), are central 
nerves formed by unmyelinated nerve fibers. 
Thousands of small axons are packed together in 
fascicles, each fascicle being individualized by a 
peripheral glial ensheathmcnt. Axons arc 
apposed one to another without any intervening 
cell process; therefore, axolemrnas of adjacent 
axons arc close together, with only a thin 
intercellular space separating them. A few 
trabeculae coming from the peripheral 
cnshcathmcnt penetrate the bundle of axons and 
separate large groups of them inside the fascicle. 

Such organization makes these nerves 
in tercsti ng prepara tioris for bi ochemical and 
biophysical studies on the excitable membrane. In 
fact, the favorable axon-glial cell membrane 
relationship has made it possible to obtain from 
those nerves membrane fractions enriched 4-5 
fold in axon excitable membrane (38,39), as 
co m pa red with similar fractions obtained from 
squ id (40) and lobster (41) perip heral nerves. 

Fine structu re d e tails of optic ne rves in 
vertebrates have been wid ely re por ted (42-45), 
specially those co ncern ing the orga niza tio n of the 
myelin sheath. On the other hand, only brief 
descriptions of the same nerve in squid ha ve been 
included in some pa pers (39,46) . 

When observed in the electron 
microscope, each fascicle of the optic nerve of the 
squid Sepiotcuihis sepioidea is made up of 
thousands of axons, 130 nrn to 2 urn in diameter 
each (Fig. 11). An cnshcathrncnt formed by at 
least two layers of glial cells separated by spaces 
filled with a fine granular matrix surrounds the 
fascicle on the outside . Collagen fibrils and blood 
vessels a rc observed embedded in that matrix, as 
well as in the trabccualac penetrating from the 
cn shca th men t. 

Axons e xhib it as the most conspicuous 
organelles, abundant mitochondria, sometimes 

Fig. 11 Thin section of the optic nerve of squid S. sepioidea showing part of bundles ofaxons (A) 
separated by trabeculae of the glial ensheathment (G). Axons of differents diameters are 
yuxtaposed without intervening glial cytoplasm. Note the large amount of mitochondria in the 
axons. Scale =1 J.1m. 
Fig. 12 Freeze fracture replica of the squid optic nerve. Axons, lying in the"same direction, exhibit 
different diameters along their trajects and spherical profiles (mostly mitochondria, arrows) in the 
cytoplasm. Note the serrated fracture border of the E-face (EF). PF, P-face. Scale =0.5 urn, 
Fig. 13 A high-power view of a replica of the squid optic nerve showing the irregular distribution 
of the IMPs on the axolemma P-face (PF). Two main types of particles according to their diameters 
are observed in this membrane face. Some clusters of small particles resemble incipient gap 
junctions (arrows). Scale =0.5 J.1m. 
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being as large a to occupy a large portion of the 
axoplasm cross section. 

Free ze-f ractu red replicas sh ow seque nces 
o f mostly longitudinal, fracture membrane faces 
corresponding to alternated axolcmrnal P and E 
faces (Fig. 12). In some instances membrane faces 
of g lial cells and b lood vessels integrating the 
trabeculae are also seen. The axolemma Esfacc 
appears to fracture along serrated borders and 
cxo-cnd ocy tic profiles protruding from sharp 
peaks of those borders are observed (Fig. 12). The 
P-face shows, as usual, a high concentration of 
IMPs. In this case the particles arc co ncen tra ted in 
areas separated by zones devoid of particles. Thi s 
distribution of IMPs has also been reported in the 
axolcmrnas of the squid (24) and lobster (28) 
peripheral giant axons, 

In the areas of high particle concen tration , 
clusters of tightly-packed IMPs resembl ing 
incipient gap junctions arc als o observed (Fig . 13). 
Exo-endocytic profiles arc commonly see n in both 
faces, being the protrusion s on the E-face and the 
complemen ta ry pits on the P-face. 

Glia l cell membranes appear as extended 
and irregularly-shaped fractu red faces with IMPs 
of different sizes regularly scattered . Fractured , 
sma ll pro cesses and exo-endocytic profil es arc 
also apparent. 

CONCLUSIONS 

The present work is a re view o f th e 
morphological organization of some inver tebra te 
peripheral and central nerves, as revealed by the 
electron microscope. It ha s also been tried to 
correlate the ultrastructural details with some 
functional and biochemical findings reported in 
those nerves. 

The ultrastructure of ve r te b ra te 
peripheral nerves has been bri efly d ealt with in 
order to compare th e ax on-glia relationship, 
exhibited by such ne rv es , with that occurring in 
the inv er tebrate ones . In thes e latt er nerves, axons 
with the largest diameter (g iant axons), as well as 
axons with th e smallest diameter occur, thus 
determining peculiar morphologic organization 
of the axon and their su rround ing sa telli te gl ial 
cells. 

Giant axons, as well as giant neuronal cell 
bodies, have been for almost half a century ideal 
preparations in the neuroscience research field. A 
great body of knowledge has been accumulated, 
and continues to accumulate. after the existence 

of giant nerve fibers and giant neuron al bodies in 
invertebrates were p ointed out to th e 
neuroscientists. The usc o f these g ian t ce lls, 
though mostly of mollucan orig in , ha s played a 
lead ing role in the eluci d a tion of the mechanisms 
of nervous conduction. Th e role of ions and 
molecules, the find ing of the ioni c channels in the 
m embran e, membrane biochemistry a nd 
neuropharmacology, are some of the knowledges 
ach ieved with the use of these preparations. 

On the o ther hand, the study of the 
morphology of the central nerves, optic of the 
sq u id (38) and olfactory of garfish (37), has 
contributed specifically to membrane 
biocehmistry. The molecular composition and 
structu re of the axon membrane must be known 
in order to achieve a better understanding of the 
mechanisms of excitation in n erve . The 
identificat ion of the axon excitable membrane (21) 
was followed by attempts to isolate it and obtain 
membrane preparations enrich ed in axolemrna 
a nd having a good yield. Th is was first 
accomplished with stellar nerves of giant squ id 
D gigas (40) and later with the optic nerves of the 
same species (38). It was then po in ted out the 
im portance of the morp hological org aniza tion of 
these latter ner ves wh ich led to the ob ten tion of 
a n a xolc m ma -cnri chcd membran e fractio n in 
larger amounts than the ones obtained from th e 
stellar nerves. The same m orphologic criter ion 
was ap pli ed to favor th e usc of the olfactory 
nerve of the garfish (37) and o f the lobster 
walking leg nerves (47,48) for th e obtention of 
isolated excitable membrane preparations. 
Furthe rmo re, the solubili zation of the sodium 
channel protein (49,50) whic led afterwards to the 
cloning of its eDNA (51) we re achieved by the use 
of membrane preparations. The same can be said, 
as well, with respect to the studies on 
characterization of s ingl e io n ic channels 
incorporated in lipid bilayers (52). 

Finally, it is expected that the structu ral 
details re vealed by free ze-fracturing of the squid 
optic nerve membranes, as reported in th e 
present paper, will be useful fo r the 
und erstanding of some physiological facts 
occurring in those nerves in which naked axons 
arc closely -packed, without any intervening glial 
ce ll cyt oplasm separating their adjacent excitable 
mern bra ncs , 
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RESUMEN 

EI prescnte trabajo es una revision de la 
organizaci6n morfol6gica de nervios perifericos y 
ccntrales de algunos invertcbrados a nivel de 
microscopia electronica. Se correlacionaron 
adcmas, los detalles ultracstructurales can 
hallazgos funcionales y bioqufmicos reportados 
en los mismos ncrvios. 

La existcncia d e axones d e gran diarnetro 
(gi gant es) detcrrnina relaciones morfol6gicas 
pec ul iares del axon y su s glias satelitcs cuando se 
las compara con la rclacion axon-glia que ocurre 
en los ncrvios pe rifericos de los vertebrados. 

Los axones gigantes y las neuronas 
gigantes han jugado papcl fundamental para la 
clucidacion de los mecanismos de la conducci6n 
nerviosa: el papel de iones y moleculas, y cl 
hallazgo de los canales i6nicos de la membrana 
cclular. Adcrnas, la bioquimica de la membrana y 
la neurofarmacologia son tarnbien conocirnicntos 
logrados con estas preparacioncs. 

La identificaci6n de la membrana 
excitable (20 Iue seguida por intentos de aislarla, 
10 cual se logro prirnero con nervios cstcleares de 
calamar D. gigas (40) y despues con opticos de la 
misma espccie (38) . Se haec hincapic en la 
importancia de la organizaci6n rnorfologica de los 
nervios centrales, optico de calarnar y olfatorio de 
pez gar (37), que por estar constituidos por 
numerosos axones amielinicos, muy pequcnos, 
cxhiben una relacion glia-neurona cxact amente 
opuesta a la de las fibras g iga n tes , 10 cual 
Iavorcce la obtenci6n d e fracciones enriquccidas 
en membrana excitable. Los ne rvios perifericos de 
langosta marina oeupan una posicion intcrmedia 
en cuanto a cstc rcndirnicnto bioquimico, pero 
todavia favorable por ol mirncro de nervi os que 
sc obtiencn por an imal. 

Esta revision incluyc ademas, dctalles 
ultraestructurales de ncrvios opticos de calarnar 
rcvclados por la tccnica de criofractura . Se espcra 
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que ellos sean relevantes para la compresi6n de 
hechos fisiol6gicos que suceden en estos nervios, 
donde axones desnudos yacen cercanamente 
empaquetados sin que extensiones gliales separen 
sus mernbranas excitable adyacentcs. 
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