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I t  h  as been show n in  a previous p ap er (W eiss  and  Röhlich, 1954), th a t  
In d ia  in k , adm in istered  perin eu ra lly  does n o t p e n e tra te  th e  sciatic  nerve of 
th e  r a t  even in  h igh co ncen tra tions and  a fte r  long periods o f tim e . A t th e  tim e 
th is  in te re s tin g  fac t coidd only  be in te rp re te d  b y  assum ing a b a rr ie r  in te r 
posed betw een  th e  connective tissue  and  th e  n e rv e  fib res, w hich p rev en ted  
free diffusion of colloidal so lu tions. T herefore i t  w as decided to  in v es tig a te  th e  
p rob lem  of th is  d iffusion b a rrie r  m ore tho ro u g h ly .

T h e  peripheral nervous b a rrie r has been  d e a lt w ith  b y  several au tho rs. 
T he concep t of th e  b a rr ie r  has been in tro d u ced  b y  Feng  an d  Gerard (1930), 
as w ell as Feng  and  L iu  (1949, 1950), who h av e  show n th a t  th e  connective 
tissue  sh e a th  of th e  fro g ’s sciatic  nerve ac ts as a d iffusion b a rrie r. T he ra te  of 
ac tio n  o f m ost of th e  various solutions (m easured  in  ac tion  p o te n tia l and  tim e 
o f depolarisation) is g rea te r  a f te r  desheath ing  o r sp littin g  th e  nerve .

E x p erim en ts  re fe rring  to  such fu nc tion  o f  th e  connective tissue  have 
been  know n since long ( Overton, 1904 ; Rice  a n d  D avis, 1928). Overton had  
d em o n stra ted , th a t  th e  nerve  reac ts  m uch la te r  to  to x ic  agen ts th a n  th e  m uscle. 
A ccording to  th a t  a u th o r  th is  difference is due to  th e  d iffusion-inh ib iting  action  
o f th e  perineurium .

T he v a lid ity  of Feng  an d  Gerard's, an d  Feng  and  L iu 's  experim en ts has 
been  stro n g ly  questioned  b y  Lorente de N ó  (1947, 1950, 1952), who found  Feng 
an d  L iu 's  techn ique  in ad eq u a te , for various reasons, viz. (i) A ny  a tte m p t a t 
asce rta in in g  th e  in te rv a l betw een  th e  ap p lica tio n  o f th e  te s t  so lu tion  to  the  
nerve  an d  th e  e s tab lish m en t of a to ta l  conduction  b lock is o u t o f p lace, «since 
to ta l  conduction  b lock  can n o t be estab lished  u n til  th e  te s t su bstance  has p ro 
d uced  a p rofound change in  th e  p roperties of th o se  fib res w hich are  least sensi
tiv e  to  its  action , w hich m ay  occur long a fte r  th e  te s t su bstance  has reached 
fu ll co n cen tra tio n  a t  th e  ax is of th e  nerve», (ii) R em oval of th e  sh e a th  enlarges 
th e  in te rf ib rilla r  spaces, th u s  increasing th e  p o ssib ility  of d iffusion, (iii) R em ov
al o r sp littin g  of th e  sh ea th  m odifies th e  fu n c tio n  of th e  nerve  fib res b o th  
q u a n tita tiv e ly  an d  q u a lita tiv e ly , (iv) «The ep ineu rium  resp resen ts only  a sm all 
p a r t  o f  th e  connective tissu e  sh ea th  ; th e  m ain  p a r t  of th e  sh ea th  is th e  endo-

10 Acta Morphologica V/3—4.
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n e u riu m » , which c an n o t b e  rem oved a t  all. F u rth e r , « th e  connective  tissue  
s h e a th  is freely perm eable  to  so lu tes, be th e y  ionized or n o t»  an d  th e  ex istence 
o f  th e  connective tissue  s h e a th  m ay  be ignored in  neurophysio logical experi
m e n ts .

T h e  results of a g re a t n u m b er of experim en ts, how ever, a p p e a r to  con
t r a d ic t  th is  th eo re tica lly  accep tab le  criticism . Crescitelli (1951), in  developing 
a  su ita b le  m ethod  for d e sh ea th in g  and  resh ea th in g  found  th a t  a f te r  pu lling  
b a c k  th e  sheath  (« resheath ing»), th e  action  o f an tih is tam in es  on th e  nerve  w as 
a g a in  a  be la ted  one, i. e., th e  b a rr ie r  p roperties re tu rn e d  unchanged . T h e  b a r
r ie r  e ffec t was equally  d e m o n s tra te d  on th e  iso la ted  sh ea th  ; K eynes  an d  
S ta m p f  li (1949) filled a b ag  p re p a re d  of th e  connective tissue  sh e a th  o f th e  frog’s 
sc ia tic  nerve  w ith  R in g er’s so lu tion  labelled  w ith  К 42 ions. O u tw ard  diffusion 
w as v e ry  slow unless R in g e r’s so lu tion  sa tu ra te d  w ith  chloroform  w as used. 
I n  s im ila r  experim ents, Shanes  (1954) has in v es tig a ted  th e  exchange o f N a22 
ac ro ss  th e  perineurium . O b serv a tio n s m ade on iso la ted  nerve  fib res  (H u x le y  
a n d  S tä m p fli, 1951 ; S tä m p fli , 1952) ind ica te  th a t  a change in  th e  ionic com po
s itio n  o f  th e  m edium  ac ts  on  th e  nerve  fib re  in  a tim e  of th e  o rder o f one second, 
w h ile  o n  th e  whole nerve  in  severa l hours. N o tew o rth y  is th e  w ork  o f K rnjevic  
(1954 a), who on perfusing  th e  frog’s sciatic n e rv e  th ro u g h  th e  a o r ta  found 
t h a t  th e  effect on th e  p erfu sed  nerves of th e  various so lu tions developed  consid
e ra b ly  sooner th a n  on p e rin e u ra l app lication .

T h e  question as to  w h e th e r  or no t th e  sh ea th  has a role in  th e  b a rrie r  is 
s t i l l  b e in g  discussed. M ostly  physio logists a re  engaged  in  th is  discussion, th e ir  
e x p e rim e n ts  are p rinc ipa lly  o f  a neurophysiological ch a rac te r a n d  h av e  been 
p e rfo rm e d  on am phib ians. T h e  purpose of th e  p resen t s tu d y  is to  give th e  as
su m e d  b a rrie r  a m orphological basis, or ra th e r  to  f in d  th e  v e ry  e lem en t o f th e  
s h e a th , t h a t  acts as a b a rr ie r . I n  ad d ition , we h av e  endeavoured  to  d em o n stra te  
h is to ch em ica lly  th e  b a rr ie r  a c tio n  of th is  elem ent.

Terminology

Since various te rm s h a v e  b een  used d iffe ren tly  b y  various au th o rs  so th a t  
a co m p ariso n  of lite ra ry  d a ta  h a s  becom e cum bersom e, we propose to  a p p ly  
th e  n o m en c la tu re  of K ey  a n d  R etzius  (1876) i. e., to  call th e  fin e  loose co nnective  
tis su e  am ong the  nerve  f ib re s , endoneurium  ; th e  lam ella r connective  tissu e  
su rro u n d in g  th e  nerve t ru n k , perineurium  ; an d  fin a lly  th e  loose co nnective  
tis su e  (w ith  fat-cells) a ro u n d  i t ,  ep ineu rium  (see Fig. 8, 10).

I. Morphology of the barrier 
Material and methods

O ur observations were carried ou t mainly on the sciatic nerve of the adu lt w hite ra t, b u t  
in  som e instances they were extended to  some other nerves of the same animal and to  the sciatic 
nerve in  th e  newborn ra t, guinea pig, frog and newt.
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The following histological m ethods were used. Aoyama silver method for Golgi m aterial ; 
im pregnation of the intercellular cem ent by Ranvier ; several connective tissue stainings (Mallory, 
Azan, Giemsa). D em onstration of the cell borders (intercellular cement) was made according 
to  R anvier (0,5 per cent silver n itra te  solution for 10 min., reduction by sunlight), the whole 
nerve was m ounted in glycerol, covered and observed. Isolated membranes were prepared by 
placing freshly excised nerves or im pregnated nerves (R anvier) into Ringers’s solution on a 
depression slide. Connective tissue fibres of the epi- and perineurium  were then stripped w ith 
the aid of two dissecting needles under a dissecting microscope. The remaining few fibres were 
then removed under higher power. A silky membrane w ith a surface quite smooth rem ained on 
the nerve trunk (showing double cell border contours on im pregnated nerves). After splitting 
the mem brane longitudinally, the nerve fibres were carefully rem oved, the mem brane was spread 
out, fixed by osmic vapours, stained w ith nuclear stains (safranin, iron-haem atoxylin) and, after 
dehydration and clearing, m ounted in balsam. Isolation of the mem brane is a lengthy procedure 
requiring patience.

Observations

A ccording to  ou r ow n re p o rt o f earlier exp erim en ts , th e  granules o f peri- 
neu ra lly  in jec ted  In d ia  in k  w ere found only am ong th e  fib res of th e  perineurium , 
b u t  never am ong th e  n e rv e  fib res. I n  th e  sam e re p o rt m en tion  w as m ade of 
a m em brane th a t  m ig h t be  b ro u g h t in to  causal re la tio n  w ith  th e  above find ing . 
This m em brane has been  fu r th e r  in vestiga ted  w ith  th e  A oyam a silver m ethod  
an d  has been found  to  b e  a hom ogeneous b lack  line  betw een  th e  perineurium  
an d  th e  nerve fib res (F ig . 2), to  be continuous a n d  su rrounding , as a separa te  
sh ea th , th e  bund le  o f th e  nerve  fibres a t  th e  in n e r surface o f th e  perineurium . 
I t  has also been found  to  follow th e  branch ings o f th e  nerve t ru n k  an d  to  cover 
th e  sm aller b ranches. I ts  th ick n ess  was I  to  2 f t .  O n sim ultaneous A zan  sta in ing , 
th e  m em brane could easily  be  distinguished from  th e  collagen fib res  of th e  
epi- an d  perineurium . F o r  th is  m em brane, we v e n tu re  to  suggest th e  nam e 
perilem m a.

On long itud inal sections, even simple haem atoxy lin -eosin  s ta in in g  perm its 
o f d e tec ting  th e  perilem m a (Fig. 3). I f  tw is ted , i t  appears to  correspond in  
w id th  exactly  to  th e  th ick n ess  of th e  section. I t  co n ta in s g rea t f la tte n e d , pale, 
irregu larly  shaped  or fre q u e n tly  oval nuclei. T h ey  a re  som etim es h a rd ly  d e tec
tab le  because o f th e ir  paleness. The ch rom atin  s tru c tu re  is very  fin e  an d  evenly 
g ran u la r a fte r com m on fix a tiv e s  (formol, B ouin , Z enker, C arnoy). T h e  nuclei 
som etim es overlap , in d ica tin g  th a t  th e  perilem m a consists of a t  least tw o cellular 
layers. T he sam e is seen on iso la ted  perilem m a p rep a ra tio n s . (F ig. 4).

T he cell bo rders can  be d em onstra ted  b y  silver im pregna tion  ( R anvier)  
(Fig. 5 and  6). T he cells a re  polygonal, th e ir  m ean  d iam e te r averages 
90 fx. T he lines of th e  cell bo rders ru n  s tra ig h t, a re  no t w av y  like those 
of endo thelia l cells. Tw o easily  descernible ce llu la r layers lie one above th e  
o ther. Som etim es i t  ap p ears  as i f  th ere  w ould be a th ird  layer too , b u t  th is  can 
n o t be  s ta te d  defin ite ly . T h a t  th e  cellular m em b ran e  is no t be tw een  th e  peri
n eu ra l lam ellae, is c lear — am ong o thers — from  th e  observation  th a t  a f te r  
rem oving  th e  p e rineu ra l fib res, the  cell b o rd er co n to u rs  rem ain  unchanged .

10*
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T h e tw o cellular la y e rs  are  so v e ry  close to  each  o th e r as to  b e  p rac tica lly  
a d h e rin g , no cleft is fo u n d  b e tw een  th em  u n d e r n o rm al c ircum stances. I t  is 
p o ss ib le  th a t  th e  above m en tio n ed  hom ogeneous m em brane (A oyam a m ethod) 
is a  b asem en t m em brane  in te rp o sed  betw een  th e  cellu lar m em branes. F u r th e r  
s tu d ie s  are required  to  p ro v e  th is  hypo thesis.

T he cytoplasm  o f th e  cells s ta in s poorly  ; w ith  G iem sa’s dye  i t  s ta in s a 
p a le  v io le t.

R ough ly  th e  sam e re su lts  w ere ob ta in ed  on  exam ining th e  sc ia tic  nerve 
o f  th e  new born ra t  an d  th e  gu inea  pig.

II. Investigation of the barrier permeability w ith the Prussian blue method

M aterial and methods

The experiments were m ade using sciatic nerves from 30 adult white rats.
Ferric ion diffusion was chosen to  test barrier perm eability because these ions are demons

tr a te d  b y  the Prussian blue m ethod  very readily and accurately. The reaction is sensitive, the 
b lue  precip itate produced is well dispersed, stable, insoluble in  w ater, as well as in  acids and 
lip id  solvents and, accordingly suitable for microscopic technic. In  order to approach physiolo
gical conditions as much as possible, the experiments were carried ou t in vivo. The m anipulation 
w as th e  following. W ithout d isturbing the nerve, a 2 cm long portion of the sciatic nerve w ith 
its  chief ramification was set o u t carefully. Isotonic (cca 150 mM) ferric chloride solution was 
in jec ted  perineurally ; the solution covered the sciatic nerve entirely, its level a tta in ing  the 
edges o f the wound. The cav ity  w as filled up from tim e to  tim e. A t definite in tervals after the 
app lica tion  of the ferric chloride solution, a solution of potassium  ferrocyanide was applied 
a ro u n d  the nerve for 10 min. A 2 cm long nerve segment was then excised and k ep t in  a potas
sium  ferrocyanide solution for y2 to  1 hour in  order th a t the reagent penetrating th e  nerve from 
b o th  ends should not fail to dem onstrate  the ferric ions inside the nerve trunk. After short wash
ing, th e  nerve was fixed in  B ouin’s solution and embedded in  paraffin. Longitudinal and trans
verse  sections were prepared and  stained w ith Rawitz’ carmine, azocarmine or acid fuchsin.

A ferric chloride solution sa tu ra ted  w ith ether was tried to break through the barrier. 
T he ferric solution was shaken w ith  ether, then drawn off w ith  a separatory funnel. The solution 
w as used  as above.

In traneural ferric chloride injections were also given to  investigate the outw ard diffusion. 
T he fin es t hypodermic needle, specially sharpened, and a tuberculin syringe were used. Slight 
p ressu re  was applied in adm inistering the injection to the m ost proxim al portion  of the sciatic 
n erve . A small peristaltic wave of th e  nerve indicated the effectiveness of the  injection (the amount 
o f w hich was usually 0,01 to  0,02 ml). Thereafter, the m ethod as described above was applied, 
invo lv ing  the application of potassium  ferrocyanide solution in  vivo then in vitro, then  of Bouin 
fix a tio n , embedding in paraffin , etc.

Observations

1. Perineural injections. P o tass iu m  ferrocyan ide  solu tion  w as app lied  a t 
v a r io u s  periods of tim e  fo llow ing ad m in is tra tio n  o f ferric ch loride solu tion . 
O n  th e  2 to  3 m inu te  p re p a ra tio n s , th e  w hole epi- an d  pe rineu rium  w as found 
to  b e  b lu e ; th is m eans t h a t  th e  ferric  ions p e n e tra te d  th e  whole epi- an d  peri
n e u r iu m  in  th a t  sho rt tim e . T he b lue  reac tio n  en d ed  a b ru p tly  b y  p ro duc ing  a 
s h a rp  line  on the  in n er su rface  o f  th e  perineu rium . I t  can  be show n w ith  th e  
A o y a m a  m ethod  th a t  th is  lin e  corresponds to  th e  o u te r  surface of th e  perilem m a.

T h e  sam e was seen o n  th e  10, 15, 30, 60, 90, 120, 150 a n d  180-m inute 
p re p a ra tio n s  (Fig. 8). C o n seq u en tly  even w ith in  180 m in. th e  fe rric  ions could
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no t p e n e tra te  th e  nerve  tru n k  in  an y  dem onstrab le  co n cen tra tion . I t  w as re 
m arkab le  th a t  th e  g rea te r p a r t  of th e  neighbouring  m uscle fib res sta ined  b lue .

B etw een  th e  3rd  an d  4 th  hours, th e  p ic tu re  w as fa irly  th e  sam e, b u t  th is  
tim e th e  P ru ssian  b lue ap p eared  am ong th e  nerve fib res  beside th e  perilem m a 
sharp ly  dem arca tin g  th e  con tours of th e  nerve fib res  (F ig . 9). The whole nerve  
was blue in  th e  6-hour p rep ara tio n s.

I t  was in te restin g  to  fin d , th a t  in itia lly , th e  P ru ss ia n  b lue reaction  am ong  
th e  nerve  fib res w as positive  in  th e  sm aller n e rv e  b ranches only, w hile th e  
larger b ranches w ere le f t in ta c t. In  lo n g itud ina l sections, th e  ferric chloride in  
th e  nerve  y ielded , a t  th e  sites o f th e  R anv ier nodes, cross-shaped figures like  
those produced  b y  th e  R an v ie r silver n itra te  m e th o d  (F ig . 7).

2. D iffu sio n  o f  ferric  chloride solution saturated w ith  ether. I t  was in v e s t i
ga ted  w h e th e r 1 he lip id -so lven t e th e r h ad  an y  e ffec t on th e  barrier. T he fe rric  
chloride so lu tion  sa tu ra te d  w ith  e th e r  was a d m in is te red  perineurally  a n d  th e  
diffusion in to  th e  nerve w as being observed.

On in spec tion  in  th e  5 th , 10th , 15th  m in u tes , th e re  was no P russian  b lu e  
to  he found  in  th e  nerve . I n  th e  20 and  25 m in u te  p rep a ra tio n s , th e  b lue  s ta in  
appeared  am ong th e  nerve  fib res on th e  periphery  an d  in  th e  30—35 m in. p re p a 
ra tio n s , th e  core o f th e  nerve  w as qu ite  blue.

3. In traneura l injections. T he  P russian -b lue  reac tio n  was positive in sid e  
th e  nerve  w ith  a sh arp  line of dem arca tio n  show ing b e tw een  i t  and  th e  p e rin e u 
rium . This line corresponded  to  th e  inner surface o f th e  perilem m a as show n 
b y  th e  A oyam a m ethod . T he sam e was seen in  th e  15, 150, 210 and  330-m inu te  
p rep ara tio n s (Fig. 10), p rov ing  th a t  even w ith in  th e se  periods th e  ferric  ions 
w ere unab le  to  pass in to  th e  connective tissue in  a n y  dem onstrab le  c o n c e n tra 
tion . No experim en ts ex ten d in g  over longer periods w ere carried  ou t.

In  m ost P ru ssian  b lue  p rep ara tio n s, th e  p erilem m a was sharp ly  o u tlin ed  
and  s ta in ed  in tensely  b lu e  (Fig. 8).

Discussion

T he e p i-a n d  perineu rium  hav ing  becom e s a tu ra te d  w ith  ferric ions in  as 
little  as 2-to  3 m inutes, th e  connective tissue sh e a th  obviously  m ean t no essen 
tia l h in d ran ce  to  th e  m ovem en t of these  ions. O n th e  o th e r hand , d iffu sion  
was b ro u g h t to  a sudden  s tan d still for a period  o f 3 hours on th e  inner su rface  
o f th e  connective tissue sh ea th , i. e. on th e  p erilem m a. O n com paring th e  tim e  
of diffusion w ith in  th e  connective tissue (2 m in.) w ith  th a t  of diffusion from  
th e  connective tissue sh e a th  in to  th e  nerve (3 — 4 hours), th e  conclusion m a y  
be draw n, th a t  a b a rrie r effect does in  fac t ex ist. T h is is an  add itional ev idence 
aga in st Lorente de N ó ’s s ta te m e n t.

T he experim en ts described  above have show n th a t  th e  ferric ions p e n e t
ra te  th e  w hole th ickness of th e  e p i-a n d  p e rineu rium  in  a short tim e, a n d  th a t
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th u s  n e ith e r th e  ep ineu rium  n o r th e  p e rin eu riu m  are essential p a r ts  o f th e  p e ri
p h e ra l nervous b a rrie r. T h is view  ap p ears  to  co n trad ic t th e  op in ion  o f several 
a u th o rs . Causey an d  P alm er  (1953) h av e  show n in  v itro  experim en ts t h a t  soaking 
n e rv e s  in  P 32 labelled  R in g er’s so lu tion , nerves stripped  o f th e ir  ep ineurium  
c o n ta in e d  m ore P 32. I t  m a y  be assum ed, how ever, th a t  i t  w as th e  desheath ing  
t h a t  h a d  given rise to  som e m inor lesions in  th e  perilem m a a n d  th is  was th e  
re a so n  of th e  increased  a c tiv ity  in  su ch  nerv es . O ur resu lts  a re  incom patib le  
w ith  th e  hypothesis o f Feng  an d  L iu  (1949) w ho held th a t  th e  b a rr ie r  w as rep re 
s e n te d  b y  a sieve com posed o f connective  tissue fib res. Benoit, Stahl, Cotte 
a n d  Seite (1953) h av e  fo u n d  th e  p erin eu riu m  to  give a positive M cM anus-H otch- 
k is s  reac tio n  an d  th e re fo re  suggested t h a t  a polysaccharide w as responsible 
fo r  th e  barrie r effect. T h e  ac tion  of h y a lu ro n id ase  was in v e s tig a te d  b y  Nord- 
q u is t  (1952) in  connection  w ith  th e  c o n d u c tio n  block p ro d u ced  b y  procaine 
in  p erip h era l nerves. H e found  th a t  ap p lic a tio n  of hyalu ron idase  sh o rten ed  th e  
b lo ck in g  tim e and  a t t r ib u te d  th is  fac t to  th e  action  of h y a lu ro n id ase  on con
n e c tiv e  tissue. I t  is n o te w o rth y  th a t  on ly  th e  h ighest concen tra tion  o f h y a lu ro n i
d a se  produced  a sig n ifican t difference w h ich , how ever, w as fa r  less th a n  th e  
g re a t  difference p ro d u ced  b y  d eshea th ing . ( In  Feng an d  L iu 's  ex perim en ts th e  
r e la tio n  of tim es req u ired  to  produce co m p le te  conduction  b lock  b y  app ly ing  
15 m M  cocaine, before a n d  a fte r  d esh ea th in g  w as 210 m in. to  4 m in ,, while in  
N o rd q u is t's experim en t w ith  11 mM p ro ca in e  i t  averaged 100 m in . to  50 m in.) 
H a lié n  (1949) o b ta in ed  n eg a tiv e  resu lts w ith  hyalu ron idase. N o r h a v e  Ecken- 
h o f f  a n d  K irby  (1951), using  h y a lu ron idase  in  th e ir  pa tien ts , ach ieved  positive 
re s u lts  in  regional nerve  b lock .

O u r peri- an d  in tra n e u ra l experim en ts h av e  shown th a t  d iffu sion  in to  th e  
n e rv e  a n d  ou t o f th e  n e rv e  stops on th e  in n e r  surface of th e  p e rin eu riu m  for a 
co n sid e rab le  tim e. In  a p rev ious p ap e r (W e is s  and  Rolilich, 1954), a double 
c e llu la r  lay e r a t th e  in n e r surface of th e  co n n ec tiv e  tissue sh ea th  h a d  b een  m en
t io n e d  as being responsib le  for th e  b a rr ie r  ac tio n . This m em brane w as fu rth e r 
in v e s tig a te d  in  th is  s tu d y  an d  w as g iven th e  n am e perilem m a ; i t  consists of 
tw o  ce llu la r layers an d  p e rh ap s  of a b a se m e n t m em brane. F ro m  th e  p resen t 
h is to lo g ica l findings i t  is ev id en t th a t  i t  is th is  w ell-defined m em b ran e  w hich 
is  re sponsib le  for th e  b a rr ie r  effect. L im ite d  space p reven ts us from  dealing 
in  d e ta i l  w ith  th e  rem ark ab le  observations o f K e y  and  Retzius (1876) a n d  Ran- 
vier  (1878). W ith  cell b o rd e r im p reg n a tio n  o f  h u m an  nerves th e y  h a d  o b ta ined  
th e  sam e  results as we d id . T hey  h ad  co rrec tly  concluded th a t  th e  n e rv e  tru n k  
is c o v e red  b y  endo thelium -like cells.This h a d  led  th e m  to  assum e th a t  th e  p erin eu 
r iu m  is a  system  com posed o f  lam ellae, each covered  b y  endothelial cells, an d  clefts, 
th e  l a t t e r  com m unicating  w ith  th e  su b a rach n o id  space. Y e t, th e re  a re  only 
tw o  ce llu la r layers to  be  seen one above th e  o th e r  in  th e ir  d iagram s a n d  n o t m ore 
w h e re a s , — according to  th e ir  own h y p o th es is  — a t least 10 to  40 o u g h t to  be 
v is ib le . N or did we f in d  m ore  th a n  tw o o f th e m , or a t  th e  u tm o s t th re e . M ore
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over, o u r iso la tion  experim ents h av e  show n th a t  th e  w hole epi- and  p e rin eu riu m  
can  be pu lled  off w ith o u t destroy ing  th e  ou tlines of th e  overlying cellu lar lay ers , 
m ean ing  th a t  th e  double layer — th e  perilem m a — rem ained  in ta c t on th e  n e rv e  
tru n k . O bviously th en , a t  least in  th e  w h ite  r a t  an d  th e  guinea pig, th e re  ex ists  
a  covering a round  th e  sciatic nerve  w hich is n o t a  con stitu tio n a l e lem en t of 
th e  connective tissue sheath . T hus th e  sh ea th  of th e  peripheral nerv e  consists 
o f  1. th e  perilem m a, 2. th e  perineurium  an d  3. th e  epineurium  (Fig. 1). T he 
d e ta iled  m icroscopic an a to m y  of th e  perilem m a xvill be tre a te d  of in  a fu tu re  
pub lica tion .

Fig. I. Three-dimensional diagram of the sheaths of the peripheral nerve. The epineurium  
is no t illustrated. PN  : perineurium , PL : perilemma, N F : nerve fibres

M ost recen tly , K rnjevic  (1954 b) s tudy ing  th e  frog’s p erin eu riu m , has 
described  — in dependen tly  — a sim ilar cellu lar m em brane. M ostly on  th e  basis 
o f  th eo re tica l considerations, he a rriv ed  a t  th e  sam e conclusion as w e have, 
nam ely  th a t  th is  cellu lar m em brane w as th e  cause of th e  ba rrie r effec t. In  con
n ec tion  w ith  th e  barrie r, o thers ( Overton, 1904 ; Rashbass an d  R ush ton , 1949 ; 
H odgkin  1951 ; H uxley  an d  S ta m p fli 1951 ; Shanes 1954) too  h av e  ta k e n  in to  
considera tion  th e  role of th e  endo thelia l cells described by  K e y  a n d  R etzius, 
a n d  b y  Ranvier, h u t have  failed  in  fu rn ish ing  evidence in  favour o f th is  th eo ry .
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Ferric chloride so lu tio n  sa tu ra ted  w ith  e th e r  passes th e  perineu rium  an d  
th e  perilem m a in  co n sid e rab ly  less tim e  (20 to  25 m in.) th a n  a n o n -sa tu ra te d  
so lu tio n  (3 to  4 h o u rs). O ur perta in ing  ex p erim en ts  have  b ro u g h t ad d itio n a l 
ev idence in su p p o rt o f  th e  decisive role p la y e d  b y  th e  perilem m a in  th e  p e ri
p h e ra l nervous b a rr ie r . I t  is well know n, t h a t  lip id  solvents increase th e  perm e
a b ili ty  of th e  cell- a n d  b asem en t m em branes r ich  in  lipids. O ur resu lts  seem  
to  agree well w ith  th e  l i te ra ry  d a ta  viz. t h a t  chloroform  reduces th e  b a rr ie r  
a c tio n  for the  p assage  o f  K 42ions ( K eynes a n d  S tä m p fli, 1949) ; th a t  th e  sh ea th  
is m u ch  m ore p e rm eab le  fo r  lipid soluble su b stan ces  (ethanol, acetone) ( Over- 
ton, 1904 ; Feng a n d  L iu ,  1949 ; K rnjevic, 1954 a).

W h at is th e  possib le  role and  sign ificance o f  th e  barrie r?  P resu m ab ly  to  
m a in ta in  th e  special in te rn a l  env ironm ent o f  th e  nerve b y  p rev en tin g  free  
d iffusion  of substances in to  i t .  A stab le  in te rn a l  env ironm en t is p ro b ab ly  an  
im p o r ta n t condition  o f  n o rm a l nervous ac tio n . E v e n  in  pathological processes 
th e  b a rrie r m ay be  o f  significance ; in ta c t n erv es  h av e  been d em o n stra ted  b y  
K u ru c z  (1954) in  e n tire ly  pathological ( in fla m m a to ry , an th raco tic) su rround ings 
in  th e  lung. The in f la m m a to ry  cells in f il tra te d  th e  connective tissue , b u t th e  
n e rv e  fib res rem ained  in ta c t .  P robably , th e  b a rr ie r  can n o t be neglected in  th e ra p y  
e ith e r.

T he electrical ro le  o f  th e  barrier rem ains to  be discussed b rie fly . As well 
k n o w n , th e  nerve h a s  a sign ifican t tran sv e rse  resistance  an d  c a p ac ity  w hich  
decreases alm ost to  d isap p earen ce  after th e  s h e a th  has been rem oved. ( B ishop, 
E rlanger  and Gasser, 1926 ; Schm itz and  Schäfer, 1933 ; Cole and  Curtis, 1936 ; 
Rössel, 1943 ; Rashbass a n d  Rhuston, 1949 ; Lundberg, 1951). T his e lectrical 
« b a rrie r»  produces d is to r tio n  of the  action  p o te n tia l  as recorded from  th e  nerve  
su rface , profoundly a ffe c ts  irr ita b ility  and  e lec tro to n u s . This h igh ly  po larizab le  
res is tan ce  also renders io n ic  displacem ents d iff icu lt. I t  seems a t  h an d  to  id en tify  
th e  po larizab le s tru c tu re  w ith  th e  perilem m a.

As to  the  h istogenesis o f  th e  perilem m a, no  ex p erim en ta l d a ta  are  availab le  
to  th e  au thors, who can  b u t  subscribe to  th e  v iew  o f K rnjevic  concerning th e  
p o ssib ility  of an  ek to d e rm ic  origin of th e  ce llu la r m em brane . One of th e ir  fu tu re  
a im s is to  investigate  in to  th is  problem . T h ey  consider th e  origin o f th e  peri
lem m a  to  be analogous to  t h a t  of the  lep tom en inx  in  th e  cen tra l nervous system , 
w hile  th e  perineurium  m a y  be  com pared w ith  th e  d u ra  m ater.

Summary

A membrane consisting of tw o layers of flattened cells and perhaps of a basem ent mem
brane has been described on the  inner surface of the perineurium  of the ra t’s sciatic nerve. For 
th is structure, the name perilem m a is being suggested. The perilem ma can be im pregnated and 
isolated.

Diffusion of isotonic FeCl3 solution injected perineurally has been investigated w ith the 
P russian  blue method and found to  be stagnating on the ou ter surface of the perilemma for about 
3 hours.
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Diffusion of the FeCl3 solution applied intraneurally  stopped on the inner surface of the 
perilemma for several hours ; the solute did not pass it  in 5 % hours.

FeCl3 solution satured w ith ether penetrated  the perilem ma in 20 minutes, when applied 
perineurally.

The conclusion is th a t the peripheral nervous barrier m ay he identified w ith  the peri
lemma.
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Fig. 2. The perilemma. A oyam a silver method. E N  : epineurium , PN  : perineurium ,
PL : perilemma

Fig. 3. The perilemma tw isted. N o te  the pale oval nuclei. E pi- and perineurium are n o t seen. 
H aem atoxylin-eosin stain. PL  : perilem ma
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Fig. 4. Nuclei of the perilemma shown on an isolated preparation . Note overlying nuclei. 
Osmic fixation, safranin staining

Fig. 5. Cell borders of the perilemma dem onstrated by R anvier’s silver method.
Isolated preparation

Fig. 6. Cell border contours of the perilemma of a smaller nerve. The whole nerve is m ounted 
in  glycerol. Ranvier’s silver m ethod

Fig. 7. Cross-shaped figure a t the node of Ranvier. See tex t. Six hour Prussian blue p reparation
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Fig. Я. A 3 hour Prussian blue preparation. Note the diffuse blue reaction in the connective tissue 
sh ea th  indicating  presence of ferricl ions. The blue colour ends w ith a sharp line tow ards the 

nerve fibres, a t the surface of the periemma. Acid fuchsin stain. PN : perineurium , EN  :
epineu riurn

Fig. 9. 4 hour Prussian blue preparation. Observe th e  blue reaction among the nerve fibres.
Acid fuchsin stain

Fig. 10. A 330 min. Prussian blue preparation a fter in traneural injection of ferric ions. Blue 
reac tion  among the nerve fibres w ith  a sharp line of demarcation a t the inner surface of the 
perilem m a. Acid fuchsin stain. EN : epineurium , PN  : perineurium, PL  : perilemma
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ИССЛЕДОВАНИЯ ПО ГИСТОЛОГИИ И ПРОНИЦАЕМОСТИ НА 
ПЕРИФЕРИЧЕСКОМ НЕРВНОМ БАРЬЕРЕ

П. РЁЛИХ , и м . б е й с с

Диффузионный барьер у периферических нервов, за последнее время часто 
является весьма спорным вопросом. Диффузионный барьер означает, что в процессе 
обмена ионами между внутренней частью периферических нервов и их средой имеются 
препятствия. Исходя из результатов своих прежних опытов, авторы старались доказать 
существование барьеры и выяснить его микроскопическую анатомию. Эксперименты 
были проведены, главным образом, на белых крысах.

1. В первой части статьи авторы описывают под названием «перилемма» клеточную 
оболочку, находящиеся на внутренней поверхности соединительнотканной оболочки 
нерва. Перилемма состоит из двух совершенно плоских клеточных слоев, а, возможно, 
и из базальной мембраны. Ее можно выявить методом импрегнации по Аояма, импрег
нацией клеточной оболочки и другими гистологическими методами.

2. Во второй части своих опытов авторы исследовали диффузию ионов железа. 
Они выявили ионы железа при помощи раствора ферроцианида калия. Полученная бер
линская лазурь представляет собой тонкий, нерастворимый осадок ; реакция является 
крайне чувствительной. Авторы впрыскивали крысам изотонический раствор хлористого 
железа вокруг седалищного нерва, а затем после определенного промежутка времени 
вводили животным раствор ферроцианида калия. Диффузия ионов железа приостанови
лась резкой линией на внешней поверхности перилеммы и диффузия в пространство 
между нервными волокнами началась на подопытных животных только после четырех 
часов. Насыщенный эфиром раствор прорвал барьер уже после 25 минут. Диффузия 
введенного внутриневрально раствора железа препятствуется перилеммой на 5 часов.

Авторы пришли на основе своих опытов к тому выводу, что диффузионный барьер 
действительно существует, и что он представлен клеточной оболочкой, названной пери
леммой. Авторы в данной статье излагают значение барьера.

P á l Röhlich, B u d ap est, IX ., T űzoltó  u . 58. H u n g ary

M ária W eiss, B u d ap est, V ., K álm án  u. 24. H u n g a ry
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