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Summary. A study was made on the permeability of the perineurium to protein tracers 
following crush injury to mouse and rat sciatic nerves. Albumin labelled with Evans blue (EBA) 
was injected around the nerves at various times after the injury and then localized by fluores- 
cence microscopy. The following observations were made: 

1. The perineurium of control nerves acted as an efficient diffusion barrier to EBA but 
crush injury caused an abnormal permeability of the perineurium at the site of the trauma. 

2. This abnormality started within the first day after the crush and persisted in most 
animals throughout the period of observation i.e. 4 months. Once inside the endoneurium 
protein tracers spread mainly in distal direction. 

3. The permeability of the perineurium distal to the trauma remained unchanged. 
Accordingly, localized trauma to a nerve may for long time change the environment of the 

nerve fibres even far away from the primary injury by diffusion of substances into the endoneu- 
rium. 
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Introduction 

The ind iv idua l  nerve faseieuli  of the  per iphera l  nervous  sys tem (PNS) are 
su r rounded  b y  a mu l t i l aye red  cel lular  m e m b r a n e  which forms the  inner  p a r t  
of the  per ineur inm.  Each  layer  is fo rmed b y  fiat  po lygonal  cells which are  jo ined  
edge to  edge b y  so-cal led " t i gh t  junc t ions"  and  covered wi th  basemen t  laminas  
(see K e y  and  Re tz ins ;  R6hl ich  and  K n o o p ;  S h a n t h a v e e r a p p a  et al. ; Thomas,  
1963 ; Cravioto  ; Burke l ;  Lieberman) .  

Phys io logica l  s tudies  have  shown t h a t  the  sheaths  sur rounding  pe r iphera l  
nerves  ac t  as a diffusion bar r ie r  to  a b road  range  of  subs tances  inc luding  pro te ins  
(see review b y  Mart in) .  Recen t  n l t r a s t r u c t u r a l  s tudies  wi th  fer r i t in  (Waggener  
et al.) and  horseradish  peroxidase  (Olsson and  Reese, 1969, 1971 ; K lemm,  1970) 
as p ro t e in  t racers  have  p rov ided  conclusive evidence t h a t  i t  is the  pe r ineur inm 
t h a t  exer ts  the  ba r r i e r  funct ion  of  the  nerve sheaths .  

The pe r ineur ium in no rma l  nerves  separa tes  the  nerve fibres f rom con tac t  
wi th  the  sur rounding  b o d y  fluids housing t hem in an  env i ronmen t  of the i r  own. 
Clinical and  expe r imen ta l  observa t ions  ind ica te  t h a t  the  pe r ineur ium in no rma l  
nerves  m a y  ac t  as a p ro t ec t ive  m e m b r a n e  aga ins t  var ious  toxic  and  infect ious 
agents  (Kurucs  and  Osgy~ni;  Sunder l and ;  S h a n t h a v e e r a p p a  and  Bourne,  1966; 
Olsson, 1966a). Accordingly ,  an  a b n o r m a l  bar r ie r  funct ion  of the  pe r ineur inm 
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p r o d u c e d  b y  a pa tho log i ca l  process  w o u l d  h a v e  i m p o r t a n t  i m p l i c a t i o n s  since t h e  

di f fus ion o f  such  agen t s  i n t o  t h e  n e r v e s  w o u l d  no longer  be  p r e v e n t e d .  H o w e v e r ,  

we h a v e  n o t  f o u n d  a n y  r e p o r t  o f  e x p e r i m e n t s  des igned  to  d e t e r m i n e  to  w h a t  

e x t e n t  v a r i o u s  pa tho log i ca l  processes  a c t u a l l y  i n t e r f e r e  w i t h  t h e  ba r r i e r  f u n c t i o n  

o f  t h e  p e r i n e u r i n m .  

The  p r e s e n t  s t u d y  is a l ink  in  a series o f  i n v e s t i g a t i o n s  on  t h e  b a r r i e r / u n c t i o n  

of  t h e  p e r i n e u r i u m  in  v a r i o u s  pa tho log i ca l  condi t ions .  W e  h a v e  s t a r t e d  w i t h  t h e  

effect  of  t r a u m a t i c  i n j u r y  to  pe r i phe ra l  n e r v e  since the re  are  some  p r e v i o u s  r epo r t s  

dea l ing  w i t h  ultrastructurc a n d  cytochemistry of  t h e  pe r ineu r i a l  cells fo l lowing  

c rush  i n j u r y  to  sc ia t ic  ne rves  ( S h a n t h a v e e r a p p a  a n d  Bourne ,  1964; T h o m a s ,  

1967). 

Mate r i a l  and Methods  

Adult  mice and rats were obtained from Anticimex, Stockholm. Under ether anesthesia 
both sciatic nerves were exposed in the upper part of the thigh through small incisions of the 
skin and the subcutaneous fascia. The nerves were then crushed with the tip of a jeweller's 
forceps which caused a marked but narrow (1 mm) impression of the nerve. 

The tracer (0.04 ml of 1~ Evans blue in 5~ bovine albumin, abbreviated EBA) was 
injected around the lesion to the sciatic nerve with a micrometer syringe at various times after 
the nerve injury. I t  was left in situ for 2 or 24 h (approximately equal no. of animals). Pre- 
cautions were taken to minimize surgical trauma during injection and to avoid reflux of tracer 
(cf. Kristensson and Olsson). The number of mice and the survival times after the nerve crush 
are presented in Table 1. 

Table 1. Survey o] the examined material. EBA applied around both sciatic nerve ]or 2--24 h 
at various times after crush lesion o/mouse sciatic nerves 

Group no. Survival t ime No. of mice 
after crush 
(days) 

No. with abnormal 
perineurial permeability 

1 (control) --  4 0 

2 1 5 5 

3 7 5 3 
4 14 3 3 

5 28 5 4 

6 120 9 6 

The permeability of the perineurium distal to the crush was also tested in a separate group 
of rats. In  this species the nerve was long enough to permit the application of tracer about 1 cm 
below the lesion through a separate opening in the covering muscles. Groups of three rats were 
subjected to bilateral crush lesions of the sciatic nerves and EBA was applied for 2 h, 1, 7, and 
30 days thereafter. 

The animals were sacrificed by decapitation and the sciatic nerves were fixed in 50/0 
formalin over night. Ten microns thick frozen longitudinal sections of the nerves were mounted 
in glycerin and viewed under a fluorescence microscope equipped with dark field condensor. 
The filter combination and other details of this method have been presented elsewhere (Stein- 
wall and Klatzo;  Olsson, 1966b). The method is based on the fact that  EBA emits a red 
secondary fluorescence which permits detailed histological localization of the tracer (Steinwall 
and Klatzo; t tamberger and Hamberger). 
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Results 

EBA applied around the sciatic nerve of the control (non-traumatized) mice 
for 2- -24 h caused an intense red fluorescence of the epineurium and the peri- 
ncurium. The red fluorescent EBA stopped abrupt ly  at the inner par t  of the 
perineurium and the tracer could not be detected in the underlying endoneurium 
where the myelin sheaths emitted a blue autofluorescent light (Fig. 1). This is 
in accordance with previous findings in various adult animals (Olsson, 1966b; 
Xristensson and Olsson). 

However, when EBA was applied around the nerve immediately after the crush 
injury the tracer also passed into the endoneurium (Fig. 3). 2 h after the injury 
the tracer was seen only in the par t  of endoncurium tha t  was immediately adjacent 
to the t raumatized region. As in the control nerves the tracer had spread along 
the nerve in the cpineurial and perineurial connective tissue but there were no 
signs of passage of tracer into the endoneurium distal or proximal to the trau- 
matized part .  

Twenty-four h after the crush lesion the tracer was seen not only at  the 
t raumatized region but also in the endoneurium of the distal par t  of the sciatic 
nerve (Fig. 2). The tracer appeared as narrow intensely fluorescent lines arranged 
in longitudinal direction along the nerve. There was also accumulation of tracer 
in some endoneurial cells which appeared as intensely red fluorescent oval bodies. 
In two mice the tracer had accumulated predominantly beneath the perineurinm. 

EBA injected around the sciatic nerve i or 2 weeks after the trauma also 
passed into the endoneurium of almost all animals (Table i). Two animals did 
not show any endoneurial penetration of EBA; in these animals the injection had 
resulted in a minimal amount of the tracer also in the connective tissue sheaths 
around the nerve. In all the other animals the tracer was seen in and distal to 
the lesion of the endoneurium where numerous yellow autofluoresccnt products 
also had been formed. Here EBA was diffusely distributed but several cells had 
also accumulated the tracer in their cytoplasm. 

When the EBA tracer was injected around the sciatic nerve 4 weeks after the 
crush injury 4 out of 5 mice showed a similar endoneurial penetration of EBA 
as in the preceeding groups. The amount of tracer particularly distal to the lesion 
appeared to be considerably smaller than in the acute experiments. One mouse 
did not show any abnormality with regard to the localization of the tracer. Four 
months after the injury 6 out of 9 mice showed abnormal perineurial permeability 
with cndoneurial penetration of the tracer. 

The permeabili ty of the perineurium in the distal par t  of crushed nerves was 
also tested in a separate series of rats. In  this species the nerve was long enough 
to permit  a localized application of tracer distal to the lesion with only a minor 
diffusion into the crushed area. No rats in this series (1--30 days after the lesion) 
showed any abnormal penetration of EBA into the endoneurium beneath the site 
of application. However, in three nerves there was a faint penetration of EBA 
into the crushed area. 

Discussion 

The application of the fluorescent protein tracer technique (Steinwall and 
Klatzo, 1966; Hamberger  and Hamberger,  1966) makes it  possible to detect 
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Fig. 1. Normal mouse sciatic nerve. Fluorescent a lbumin (white) was injected around the 
nerve. The tracer has spread to the innermost  par t  of the external  nerve sheaths bu t  its diffusion 

into the endoneurium (E) is prevented by  the perineurium (P) 

Fig. 2. Distal port ion of a sciatic nerve crushed 24 h earlier. The fluorescent tracer has spread 
into the endoneurium of the distal par t  and  appears as fluorescent lines arranged in longitudinal 

direction 

Fig. 3. Immediately  after the crush injury the  t racer  has diffused into the endoneurium of the 
t raumat ized area bu t  not  into the  centrM (upper part)  or into the  distal pa r t  of the nerve 

(lower part)  
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variations in perineurial permeabili ty caused by a pathological process since in 
normal mature  animals the perineurium completely restricts the diffusion of 
protein tracers like EBA and peroxidase into the endoneurium (Olsson, 1966b; 
Olsson and Reese, 1969, 1971; Klemm, 1970; Kristensson and Olsson, 1970). The 
present experiments showed tha t  t rauma to a nerve induces an abnormal per- 
meabili ty of the perineurium even though the anatomical continuity of the nerve 
t runk is not interrupted. I t  was also shown tha t  this abnormali ty  remains over 
a long period of t ime following the nerve injury. 

We also observed tha t  the protein tracer passed into the nerve at  the site of 
the pr imary  injury. From this area the protein tracers diffused into the endo- 
neurium from the surrounding tissue. Previous electron mieroseopieM observations 
by I-Iaftek and Thomas (1968) also show tha t  crush injury to a nerve destroys peri- 
neural cells at  the site of the lesion and tha t  the continuity across the compressed 
area is maintained inter alia by the basement membranes of the perineurial cells. 
I t  therefore appears reasonable to assume tha t  the deficient barrier function of the 
perineurium at  the site of the compression is caused by the destruction of the 
perineurial cells allowing diffusion of the protein tracer through or between these 
cells. 

Once inside the endoncurinm the protein tracer spread into the distal portion 
of the crushed nerve. This is in line with previous observations on a proximo- 
distal flow of colored and radioactive substances in normal nerves (Weiss et al.) 
and of the spread of protein-rich edema in crushed rat  sciatic nerves (Olsson, 
1966). 

Our information about  the behaviour of the perineurimn in the distal par t  
of crushed nerves is rather  limited. The characteristic enzymehistoehemical pat tern  
of the individual perineurial cells in the distal par t  of sectioned nerves will not 
change over t ime (Shanthaveerappa and Bourne, 1964). On the other hand, 
O'DMey and Imaeda (1967) found tha t  in subcutaneous nerve branches distal 
to a crush lesion performed three days earlier the perineurial sheeth is no longer 
continuous since gaps are formed between perineurial cells. After six days signs 
of restitution started and finally the perineurium did not show any ultrastruetural 
abnormalities. We found tha t  in the distal par t  of crushed sciatic nerves the 
perineurium maintains i t 's  proper ty  as a diffusion barrier when tested 1, 7 and 
30 days after the lesion. Since the permeabili ty of the perineurimn is int imately 
connected with the presence of t ight  junctions between the perineurial cells 
(01sson and Reese, 1969, 1971; Klemm, 1970; Kristensson and Olsson, 1971)it  
would be interesting to reinvestigate to what extent  perineurial gaps actually 
are formed in the distal parts of large peripheral nerves following a crush. The 
perineurium in a nerve like the sciatic differs from that  in cutaneous nerve 
branches in being multilayered and it is possible tha t  a limited number of gaps 
may  be without significance for the barrier function as tested in our experiments. 
In  this connection it should also be recalled that  the barrier function of the peri- 
neurium at  the site of the lesion was abnormal in most animals even four months 
after the injury. This would then indicate tha t  some abnormali ty of the peri- 
neurial cell contacts remain in this area even though an early ensheathment with 
perineurial cells have been reported in crushed nerves ( t Iaf tek and Thomas, 
1968). 
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E v e n  a loca l ized  t r a u m a  to  a n e r v e  m a y  the re fo re  for  long  t i m e  change  t h e  

e n v i r o n m e n t  o f  t h e  n e r v e  f ibres far  a w a y  f r o m  t h e  p r i m a r y  i n j u r y  b y  dif fus ion 

of  subs tances  f r o m  t h e  t i ssue  s u r r o u n d i n g  t h e  t r a u m a t i z e d  region.  Th i s  m a y  h a v e  

imp l i ca t i ons  in  ce r t a in  pa tho log i ca l  cond i t ions  since i t  c an  be  a s s u m e d  t h a t  va r i ous  

tox ic  a n d  in fec t ious  agen t s  in  th i s  w a y  m a y  en t e r  t h e  e n d o n e u r i u m  which  o the rwise  

w o u l d  be p r e v e n t e d  b y  t h e  i m p e r m e a b l e  p e r i n e u r i n m .  
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