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the  aqueous  phase, evapora ted  under  v a c u u m  and the  
excess l ipid (non complexed)  was separa ted  washing 3 
t imes  wi th  e thanol -d ie thyl  e ther  (3:1 by  volume).  The  
insoluble complex  was dissolved in concen t ra ted  fo rmic  
acid  and par t i t ioned  be tween  the  organic and aqueous  
layers of ch loroform-methanol  1 N  HC1 (200:100:75 by  
volume) as described elsewhereK Samples  of the  non 
complexed  lipid, complex  dissolved in chloroform and 
par t i t ion  l ipids remain ing  in the  organic layer  of the  
par t i t ioned  complex  were analyzed by  th in- layer  chroma-  
tog raphy  on basic plates  of silica gel wi thou t  calcium 
sulfate binder,  using chloroform-methanol-glac ia l  acetic 
ac id-water  (50 :25 :7 :3  by volume) as solvent  6. Pure  
s tandards  of PS  and P E  were chromatographed  on the  
same plate.  The  spots were located, using n inhydr in  
reagent  (Figure). The analysis indicates  t ha t  prac t ica l ly  
the  to t a l  PS  and pa r t  of t he  P E  are present  in the  t u m o r  
as phosphol ip id-calc ium phospha te  complex  (Figure, 4, 5 
6). These complexes  show a non-migra t ing  moie ty  which 

disappears  by par t i t ion  (Figure, 7, 8 and 9). Phosphorus  
was de termined  in the  par t i t ion  aqueous  layer  (inorganic 
phosphate)  as well as in the  organic par t i t ion  layer  and 
non complexed  ex t rac t  af ter  hydrolys is  w i th  t t C L O  4 by  
the  me thod  of MARTIN and DoTYL Calcium was deter-  
mined  in the aqueous par t i t ion  layer  according to SOB~L 
and HANOK 8. For  Ehr l ich  ascites the  molar  ra t io  found 
was 64:8:15:15 (P  as non complexed phospholipid : P as 
complexed phosphol ipid:  P as inorganic phospha te :  Ca). 

Since i t  has been pos tu la ted  tha t  phospholipids m a y  be 
involved  in calcification at  sites of p r imary  mineral izat ion 5, 
the  i m p o r t a n c e  of these exper imenta l  results in the  inter-  
p re ta t ion  of the  tumor  calcif icat ion process and of the  
carcinogenesis p rob lem itself is clear when approached 
f rom the  m e m b r a n e  phenomena  poin t  Of v iew 9. 

Zusammen/assung. Die chromatographische  Trennung  
und chemische Analyse der Phosphol ipide yon  Versuchs- 
t umoren  zeigte, dass die gr6sste Menge yon Phosphat idy l -  
serin und ein Teil  des Phospha t idy lae thano lamin  mi t  
Ka lz ium und Phospha t - Ion  komplex ie r t  sind. Dieses 
Ergebnis  beweist  die m6gliche Bedeu tung  dieser Kom-  
plexe  in der Kalz i f ikat ion des Tumors  und in den Eigen-  
schaf ten der Zel lenmembrane.  
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Thin-layer chromatography and ninhydrin detection of : uncomplexed 
phospholipids (1,2,3) ; complexed phospholipids (4, 5,6) and parti- 
tioned complex (7,8,9); Ehrlich ascites: 1, 4 and 7; lymphatic 
leukemia BVV5147: 2, 5 and 8; lymphosarcoma 6C3HED: 3, 6 and 9. 
a) Standard of phosphatidyl serine, b) Standard of phosphatidyl 
ethanolamine. 
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D i s t r i b u t i o n  of P a r t i c u l a t e  E l e m e n t s  at the  A x o l e m m a  of P r e t e r m i n a l  and T e r m i n a l  Vegeta t ive  
N e r v e  F ibers  as  Revea l ed  by F r e e z e - E t c h i n g  

Freeze-e tching has p roved  to be a useful tool  for s tudy-  
ing the  surfaces of biological  membranes .  Most of the  
membranes  inves t iga ted  by this me thod  showed surfaces 
car ry ing  part icles  of different  means  and amounts .  I t  has 
been suggested tha t  these part icles  m a y  represent  globular  
proteins  located in the  in t e rnum of the  b iomembranes  1-~. 
The  appl ica t ion  of freeze-etching to nervous  tissues has 
proved  to be successful when studies of the  synapt ic  
region of the  CNS were carr ied out  4-~. No da ta  are 
avai lable  about  membrane  faces of the  per ipheral  auto-  
nomic  tissue, especial ly of the  t e rmina l  'eff icient  pa r t '  10. 
Previous  inves t igat ions  of the  myel in  of per ipheral  nerves  
demonstraTed a ra ther  fine granula t ion  of the  single 
lamel la  at  its exter ior  surface, which is explained by the  
metabol ic  inac t iv i ty  of the  myelinT, s. The  present  s tudy  
was in tended  to clar ify whether  there  is a significant  

change of the axolemma of autonomic nerves in their 
course f rom pre te rmina l  to  t e rmina l  regions. 

Ductus  deferens obta ined  f rom adul t  whi te  rats  were 
dissected immed ia t e ly  af ter  p repara t ion  and t rea ted  wi th  
phospha te  buffer  a t  p H  7.4, conta in ing 25% glycerol.  
Af te r  hav ing  been frozen in l iquid nitrogen, the  specimens 
were freeze-etched and repl icated in  a ]3alzers high v a c u u m  
uni t  (BA 360 M). Measurements  of the  replicas were made  
by a quarz  crystal  th in  f i lm oscillator. The thickness of,  
the  replicas var ied  be tween  20-30 _& for PL/C and 200-300 

for carbon alone. All  the  specimens s tudied were t aken  
f rom unf ixed tissue. The  fracture  exposes the  intracel lular  
faces of the  a x o l e m m a  of p re te rmina l  au tonomic  nerves  
and of the  cy to l emm of the  Schwann cell. The  axo lemma 
of the  p re te rmina l  au tonomic  nerves does no t  differ ve ry  
much  from the  neur i l emm of mye l ina ted  nerves.  Par t ic les  
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are sparcely d i s t r ibu ted  over  the  whole m e m b r a n e  which  
itself has  a smoo th  appea rance  (Figure 1). 

There was no difference in the  d i s t r ibu t ion  and  a m o u n t  
of part icles  be tween  the  inter ior  and exter ior  surface of 
the  p re te rmina l  axolemma.  This s t a t e m e n t  is of par t icu lar  
in teres t  because mos t  of the  cell m e m b r a n e s  are known to 
show dissimilar  number s  of membrane -as soc ia t ed  par-  
ticles a t  the i r  in t ra-  and  ex t rap lasmat i c  faces. In  th is  

respec t  the  p re t e rmina l  ax o l emma  seems to be an excep- 
tion. F u r t h e r m o r e  it is wor thwhi le  to  note  t h a t  the  inner  
aspec t  of the  cy t o l emm of the  Schwann  cell does no t  show 
the  ' h u m p e d '  projec t ions  as was descr ibed for the  myel in  
sheet,  whereas  t he  surface facing the  in ters t i t ia l  space 
shows an increase of par t icu la te  e lements  in compar ison  
to  the  inner  aspec t  of the  Schwann  cell cy to lemm.  The 
axop lasma  of the  p re te rminaI  vege ta t ive  axons  appears  

Fig. 1. P re te rmina l  axon. Ex te r io r  surface of the axo lemma shows 
randomly  d is t r ibu ted  particles,  nt ,  neuro tubul i ;  axl,  axo lemma;  msc, 
mesaxonal  cleft;  so, Sehwann cell. • 153,000. 

Fig. 2. Ex te r io r  surface of a t e rmina l  axo lemma facing the in te rs t i t i a l  
space. Aggregat ions  of par t ic les  lie in f la t  impress ions  of the axo- 
lemma.  Protrus ion of the axo lemma (-+). axl,  axo lemma;  im, 
impression.  • 140,000. 

Fig. 3. Neuromuscula r  junct ions  of t e rmina l  vege ta t ive  axons, a) 
p laque- l ike  aggregat ions  of par t ic les  a t  the exter ior  face of the 
'p resynapt ic  membrane ' .  • 155,000. Inse t :  Circular  a r rangement  of 
par t ic les  a t  higher  magnif icat ion.  • 248,000. b), Axop lasmat i c  aspect  
of the axolemma,  t h a t  is in  close re la t ion wi th  a smooth muscle cell. 
ax, axon;  axl,  axo lemma;  sv, synap t ic  vesicles; isc, i n t e r synap t i e  
cleft ;  mc, smooth muscle  cell. • 93,000. 

1 A .  FREY-WYSSLING and K. MIjHLETHALER, Ultrastructural Plant 
Cytology (Elsevier  Publ isher  Col., A m s t e r d a m  1965). 

2 D. BRANTON, A. Rev. P lan t  Physiol .  20, 209 (1969). 
3 J. CARTAUD, E. L. BEN]~DETTI, M. KASAI and J. P. CHANGEUX, J. 

Membrane  Biol. 6, 81 (1971). 
4 H. MOOR, K. PFENNINGER and K. AKERT, Science 764, 1405 (1969). 
5 K. AKERT, H. MOOR, I~. PFENNINGER and C. SANDRI, Progr. Bra in  

Res. 37, 223 (1969). 
6 K. PFENNINGER, K. AKERT, H. MOOR and C. SANDI, Acta  anat .  79, 

143 (1971). 
D. BRANTON, Proe. na tn .  Acad. Sei., USA 56, 1048 (1966). 

s A. BlSCHOFS and H. MOOR, Z. Zellforseh. 81,571 (1967). 



15.9. 1972 Specialia 1089 

u n d i f f e r e n t i a t e d  as i t  is k n o w n  f rom c o n v e n t i o n a l  e lec t ron  
mic rographs .  I t  appea r s  g r a n u l a r  c o n t a i n i n g  a few mi to -  
c h o n d r i a  and  profi les of vesicles. N e u r o t u b u l i  w h e n  b r o k e n  
crosswise showed  a cen t r a l  l u m e n  only  in a few cases. 

T e r m i n a l  axons  are f r e q u e n t l y  found  b y  u l t r a  t h i n  
sect ions.  I n  f reeze-e tched  repl icas  i t  is r a t h e r  d i f f icul t  to  
i den t i fy  v e g e t a t i v e  axons  because  of t he  absence  of t he  
cha rac t e r i s t i c  enve lope  b y  t he  SCHWANN cell and  t he  
r e su l t ing  s imi l a r i t y  to  muscle  cell processes.  T he  r ange  of 
d i a m e t e r  of t he  vesicles va r i ed  b e t w e e n  320-1100 A in t h e  
un f ixed  specimen,  inc lud ing  clear  vesicles as well  as 
g r a n u l a r  ones. The  d a t a  coincide w i t h  t he  m e a s u r e m e n t s  
o b t a i n e d  b y  c o n v e n t i o n a l  e lec t ron  m i c r og r aphs  and  con- 
f i rm the  o b s e r v a t i o n  m a d e  in t he  CNS b y  t he  use of t he  
f reeze-e tch ing  me thod .  T he  t e r m i n a l  a x o l e m m a  w h e n  ex- 
posed  to  t h e  i n t e r s t i t i u m  showed  a n  increase  of p a r t i c u l a t e  
e l emen t s  a t  i ts  ex te r io r  surface  s o m e t i m e s  congrega ted  
in a rose t te - l ike  a r r a n g e m e n t  and  ly ing  in f la t  impress ions  
of t he  m e m b r a n e  (Figure  2 a). 

In  some cases we were able  to  o b t a i n  s y n a p t i c  con t ac t s  
of u n m y e l i n a t e d  axons  a n d  s m o o t h  muscle  cells. The  
s t r i k ing  o b s e r v a t i o n  in these  ' ac t ive  regions '  are par t ic les  
a r r a n g e d  in p laques  a t  t h e  ex te r io r  face of t h e  p r e s y n a p t i c  
m e m b r a n e  (Figures  2, 3 a a n d  b). Some of t h e s e m e m b r a n e -  
assoc ia ted  par t ic les  were j u s t  as g rouped  in t he  rose t te -  
like f o r m a t i o n  as m e n t i o n e d  a b o v e  (Inset) .  A s imi la r  
d i s t r i b u t i o n  of t he  par t ic les  could be  found  a t  t he  in te r io r  
p r e s y n a p t i c  face, b u t  t h e y  do n o t  give t he  impress ion  of 
such  a c i r cumsc r ibed  local i sa t ion  as occured a t  t he  ex te r io r  
one (Figure  3b).  

Cons iderab le  ev idence  ind ica tes  t h a t  these  areas  m a y  
r ep re sen t  t he  'e f f ic ient  zones '  of t h e  pe r iphe ra l  a u t o n o m i c  
axons.  The  p a r t i c u l a t e  e l emen t s  m a y  p r o b a b l y  r e p r e s e n t  
ac t ive  p ro t e in  complexes  i nvo lved  in t h e  re leas ing  mech-  
an i sm of t he  t r a n s m i t t e r  subs tances .  T he  t e r m i n a l  ax-  

o l e m m a  occurs  in  cross f rac tu res  as well  as in  t he  'en  face '  
a spec t  r a t h e r  f la t  w i t h o u t  i r regular i t ies  l ike i n v a g i n a t i o n s  
or u n d u l a t i o n s  t h a t  are c o m m o n  in c o n v e n t i o n a l  e lec t ron  
mic rographs .  Somet imes ,  however ,  w h e n  t he  a x o l e m m a  
was fac ing t he  in t e r s t i t i a l  space  we found  i t  bu lged  as if 
p r o t r u d i n g  f rom an  u n d e r l y i n g  vesicle (Figure 2, -+). 
Synap topore - l i ke  f o r m a t i o n s  t h a t  were found  in synapses  
of t he  CNS and  be l ieved to  be  a n  essent ia l  f ea tu re  of t he  
p r e s y n a p t i c  region were no t  def in i te ly  ident i f ied  9. 

E v i d e n t l y ,  a de ta i led  s t u d y  w i t h  special  reference to 
th i s  p rob l em shou ld  be  car r ied  ou t  before  d a t a s  of t h e  
s y n a p t i c  region of t he  CNS a n d  t he  pe r iphe ra l  a u t o n o m i c  
ne rves  can  be  successful ly compared .  

Zusammenfassung. E r s t m a l s  werden  m i t  HiKe der  Ge- 
f r ie f i i tzung die Synapsen  im D u c t u s  deferens  darges te l l t ,  
und  es k a m e n  dabe i  part ikul~ire Auf l age rungen  auf  das  
A x o l e m m  er s tma l s  zur  Dars te l lung .  
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Act iv i t6  Gho l ines tdras ique  dans  le re in  du rat  

Une  ac t iv i t6  b u t y r y l c h o l i n e s t d r a s i q u e  a pu  @tre loca- 
lisde dans  la paro i  des va i s s eaux  cdrdbraux  chez  le r a t  
(DELBARRE et  aP). Dans  u n  t r a v a i l  rdcent ,  CONSTANTINI- 
m s  et  al. 2 on t  m o n t r 6  que la bar r id re  capi l la i re  p o u r  la 
D O P A  6 ta i t  i d e n t i q u e  dans  le ce rveau  et  dans  le rein.  
I1 nous  a dollC p a r u  i n t d r e s s an t  de r eche rche r  l ' ex i s t ence  
d ' u n e  ac t iv i t6  cho l ines td ras ique  dans  le re in  du ra t .  

Matdriel et mdthode. Nous  avons  ut i l is6 des r a t s  de 
souehe  Cha r l e s -R ive r  d o n t  le poids  v a r i a i t  en t re  200 et  
400 g. Nos exp6r iences  on t  por t6  sur  26 rats .  L ' a n i m a l  est  
anes th6s i6  avec  du  p e n t h o b a r b i t a l  ~ la dose de 40 m g / k g  
p a r  vole i.p. P a r  vole  i n t r aca r d i aque ,  on  per fuse  une  
so lu t ion  i so ton ique  de N a  2 SO 4 (16,7 g/l) suivie d ' u n e  
so lu t ion  i so ton ique  de N a  2 SO 4 c o n t e n a n t  du  fo rmol  
10% (30% p/v) .  

Le re in  est  alors r a p i d e m e n t  prdlev6 et  plac6 dans  une  
so lu t ion  i so ton ique  de Na  2 SOd-formol 10% p e n d a n t  4 h, 

la t e m p 6 r a t u r e  de 4~ Le re in  es t  ensu i te  lav6 ~ l ' eau  
dist i l l6e puis  d6pos6 dans  une  so lu t ion  d ' 6 t h a n o l  ~ 20% 
p e n d a n t  au  moins  24 h. L a  m 6 t h o d e  de raise en 6videnee 
des chol ines t6rases  es t  celle de  KOELLE-FRIED]~NWALD ~. 
L ' i n c u b a t i o n  es t  de 2 heures  ~ 37 ~ p H  5,5. Les subs t ances  
que  nous  avons  uti l is6es son t  les su ivan t e s :  C o m m e  
s u b s t r a t s  : l ' a c6 ty l th iocho l ine - iod ide  (Calbiochem) qu i  m e t  
en 6vidence  l ' ac t iv i t6  cho l ines t6 ras ique  to t a l e :  ac6tyl-  
chol ines tdrases  et  bu ty ry lcho l ines t6 rases .  L a  b u t y r y l t h i o -  
chol ine- iodide  (Calbiochem) qui  r6v61e sp6e i f iquemen t  
l ' a c t i v i t 6  des bu ty ry lcho l ines t6 rases .  C o m m e  i n h i b i t e u r s :  

l ' i s0 -OMPA:  t e t r a - i sop ropy l  p y r o p h o s r a m i d e  (Koch-  
L i g h t  Labora to r i e s )  qu i  i n h i b e  spdc i f i qnemen t  les b u t y r y l -  
chol inestdrases .  Le BYV 284 C 51:1 ,5  bis (4 a lky l  d i m d t h y l  
a m m o n i u m  pen t an -3 -one -d ib romide )  (Welcome Resea rch  
Labora to r ies )  qn i  i n h i b e  spdc i f i qnemen t  les aedtylchol ines-  
tdrases.  

Avec les inh ib i t eurs ,  une  pdr iode de p r d i n c u b a t i o n  d ' u n e  
demi -heu re  est  rdalisde, le p H  4 t a n t  a jns t6  X 5,5. 

Nous  a v o n s  rdalis6 les protocoles  s u i v a n t s :  1. acdtyl-  
th iocho l ine ;  2. b u t y r y l t h i o c h o l i n e ;  3. acd ty l th iocho l ine  + 
i so -OMPA;  4. b u t y r y l t h i o c h o l i n e  + i so -OMPA;  5. aedtyl-  
th iocho l ine  + B W  284 C 51 ; 6. b u t y r y l t h i o c h o l i n e  -]- B W  
284 C 51. 

Rdsultats. Nous  n ' a v o n s  t r o u v 6  a u c u n e  ac t iv i t6  acdtyl-  
cho l ines td ras ique  au n iveau  du p a r e n c h y m e  rdnal.  La  
rdac t ion  ~ l ' acd ty l th iochol ine ,  rdvdla t r iee  de l ' ac t iv i t6  des 
acd ty lcho l ines td rase  et  ces bu ty ry l cho l ines td ra ses  es t  
pos i t ive  dans  la paro i  de ce r t a ins  va isseaux,  mais  elle est  
ndga t ive  en prdsence d ' i so-OMPA,  i n h i b i t e u r  spdcifique 
des bu ty ry l cho l ines td ra ses  et  p a r  cen t re ,  elle res te  ent idre-  
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