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Fig. 3. Neurone dont les prolongements enserrent les ceilules piliers Fig. 4. Prolongement nerveux (N) associd "t des cellules piliers (CP) 
(CP) d'un eapillaire aff4rent (MAXLLET). situdes A un niveau plus profond (MAILLET). 

une con t rac t ion  ou une re laxa t ion  des cellules du pi lastre  
situ6es dans  le feuillet branchial .  Dans  le cas par t icul ier  
d ' une  contract ion,  l ' i r r igat ion des lamelles branchia les  
serai t  frein6e ou d6tourn6e au prof i t  de la c irculat ion 
eff6rente.  IZEVS et  BATEMAN 8, STEEN et  I{RUYSSE 9 on t  
d6js not6 qu ' une  influence humora le  modif ie  le f lux du 
couran t  sanguin pa s san t  au t ravers  des branchies.  Ces 
s t ruc tures  nerveuses  n ' exc luera ien t  nu l l ement  l ' ex is tence  
de l 'e f fe t  humora l  d6jk observ6 et, dans  ce t te  6ventualit6,  
con t r ibuera ien t  ~ expl iquer  ces m6canismes contract i les  
et leur incidence sur la physiologie des branchies  ~~ 

Summary. MAILLET'S t echn ique  d e m o n s t r a t e d  the  
innerva t ion  of pillar cells of the  secondary  gill lamellae 
in Anguilla anguilla L. Nervous  control  may  work in 
conjunct ion  wi th  an humora l  regula t ion which would 

make  clearer the  unde r s t and ing  of the  in- and out f lux  
of blood in the  resp i ra tory  organs. 
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Spikes  of S m o o t h  Muscle  in Ca lc ium-Free  Solut ion  (Isolated Taenia  coli of the Guinea -P ig )  1 

During  the  last  few years,  evidence has accumula ted  
t h a t  the  depolar iz ing cu r ren t  of act ion potent ia ls  in 
smoo th  muscle is carr ied by  calcium ions and not  by  
sodium ions, as in nerve  and skeletal  muscle of ver te-  
brates.  This concept  is based  main ly  on the  facts  t h a t  
spike discharge of smoo th  muscle (1) can cont inue  in 
sodium-free solution, (2) s tops  in calcium-free solution, 
(3) is blocked by  manganese  ions and (4) canno t  be blocked 
by  t e t rodo tox in  2 e Recen t  expe r imen t s  by I{EATINGE 7, 
however,  have  shown t h a t  this  concep t  is not  appl icable  
to all types  of sm oo th  muscle, for example  not  to arterial  
smoo th  muscle,  where  the  spikes seem to be ' sodium 
spikes ' .  We  have  now been able to  record spikes in 
isolated in tes t ina l  smoo th  muscle for several  hours  when  
only K + and Na + were p resen t  as cat ions  in the  solution.  

F r o m  the  caecum of the  guinea-pig, a piece of longi- 
tud ina l  muscle (taenia coli) wi th  an in situ length  of 
20-30 m m  was cut  out  and  pulled into a glass capi l lary 
conta in ing  p l a t i num wires which were used for recording 
the  electrical ac t iv i ty  extracel lular ly  (Tektronix pre- 
amplif ier  t y p e  122). One end of the  t issue was connec ted  
to  a mechano-e lec t r ic  t r ansduce r  for recording the  tens ion 
deve lopment .  The glass capi l lary was cont inuous ly  per-  
fused wi th  saline solution. Krebs  solut ion aera ted  wi th  
95% O~ and 5% CO 2 was t aken  as normal .  The sys tem 
was kep t  a t  35 ~ by  a t he rmos t a t .  

In  compar ing  d i f ferent  metabol ic  inhibi tors ,  we not iced 
a s t rong s t imula t ing  effect  of sod ium fluoride. Since 
KLINGENBERG 8 found t h a t  N a F  causes con t rac t ion  of 
u ter ine  s mo o t h  muscle even when  the  t issue is kep t  in 
Ca-free solution, we also tes ted  these  condi t ions  in taenia  
coli. If the  taen ia  is kep t  for a longer t ime  in Ca-free 
solut ion (30 min  or longer), N a F  (5-10 mM)  has no effect, 
or elicits s l ight  electrical ac t iv i ty  w i t h o u t  tens ion develop- 
ment .  If  N a F  is given s imul taneous ly  wi th  Ca deplet ion,  
the  phase  of decreas ing act iv i ty ,  which leads usual ly in 
5-10 min to a comple te  s top of ac t iv i ty  under  Ca deple- 
t ion alone, is prolonged.  The spike discharge usually 
cont inues  wi th  smaller  ampl i tude ,  or reappears ,  af ter  
the  tens ion d e v e l o p m e n t  has reached  zero. In  th is  phase  
an addi t iona l  magnes ium deple t ion  leads to  an increase 
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of  e l ec t r i ca l  a c t i v i t y ,  a n d  t h e  s p i k e  a m p l i t u d e  c a n  r e a c h  
n o r m a l  v a l u e s  in  t h e  e x t r a c e l l u l a r  r e c o r d i n g .  I n  a f i r s t  
s e r i e s  o f  28 e x p e r i m e n t s  w i t h  d i f f e r e n t  c o n c e n t r a t i o n s  
of  s o d i u m  f l u o r i d e  in  d i f f e r e n t  s e q u e n c e s  a n d  c o m b i n a -  
t i o n s  w i t h  Ca-  a n d  M g - d e p l e t i o n ,  we  f o u n d  t h e  f o l l o w i n g  
p r o c e d u r e  t o  be  o p t i m a l  in  o b t a i n i n g  ' C a - f r ee  s p i k e s ' :  
(1) T i s s u e  in  n o r m a l  K r e b s  s o l u t i o n  for  a b o u t  30 m i n ;  
(2) Ca - f r ee  s o l u t i o n  w i t h  N a F  5 m M  for  a t  l e a s t  30 m i n ;  
(3) Ca-  a n d  M g - f r e e  s o l u t i o n ,  w i t h o u t  N a F .  T h e  s e c t i o n s  
of  a n  e x p e r i m e n t  in  F i g u r e  1 s h o w  t i l e  n o r m a l  a c t i v i t y  (a), 

t h e  s i l e n t  p e r i o d  a f t e r  t r a n s i t i o n  t o  C a - M g - f r e e  s o l u t i o n  
a n d  g r a d u a l  r e a p p e a r a n c e  of  s p i k e  d i s c h a r g e  (b), a n d  
' fu l l '  e l ec t r i ca l  a c t i v i t y  a f ew m i n u t e s  l a t e r  (c). W e  
s o m e t i m e s  s u c c e e d e d  in  r e c o r d i n g  t h e s e  'Ca - f r ee  s p i k e s '  
for  2 - 3  h w i t h  o n l y  s l i g h t  d e c r e a s e  of  a m p l i t u d e .  M e a n -  
wh i l e  we  h a v e  l e a r n e d  t o  e l ic i t  Ca- f ree  s p i k e s  w i t h o u t  
N a F .  O n l y  s l i g h t  m o d i f i c a t i o n s  of  t h e  p r o c e d u r e  a r e  
n e c e s s a r y .  

T h e  c a l c i u m - f r e e  s p i k e s  p r o d u c e d  in  t h e  m a n n e r  de-  
s c r i b e d  a r e  d i f f e r e n t  f r o m  t h o s e  u n d e r  n o r m a l  c o n d i t i o n s  

Fig. 1. Electrical and mechanical activity of guinea-pig taenia coll. Tissue length 43 nun. The spikes were recorded with 2 pairs of pla- 
t inum wires with a distance of 10 mm and a grounded wire in between. (a) Spontaneous activity in normal Krebs solution; (b) pre- 
t reatment  of the tissue before this record: Ca-free solution with sodium fluoride 5 m M  (35 rain), Ca-Mg-free solution without fluoride 
(5 min); (c) 20 min later, 'full' electrical activity without tension development, the spike amplitude is even bigger than in normal 
solution. After additional stretching the asynchronous phases of activity became synchronous. Calibration of the tension development 
in pond. 

Fig. 2. 'Ca-free spikes' of guinea-pig taenia coil The spike discharge is blocked by tetrodotoxin 10 -5 g/ml. Pretreatment of the tissue: 
Ca-free solution with NaF 5 m M  (40 rain), Ca-Mg-free solution (80 rain), 

Fig. 3. 'Ca-free spikes' of guinea-pig taenia coll. The spike discharge is blocked by manganese ions in a concentration of only 0.01 raM. 
Pretreatment  of the tissue: Ca-free solution with NaF 5 m M  (25 min), Ca-Mg-P-free solution (20 rain). Phosphate had to be left out in 
order to avoid precipitation with manganese. Electrical recording as in Figure 1. Tissue length 45 mm. 
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in  2 i m p o r t a n t  respec ts :  (1) T e t r o d o t o x i n  (10-5), w h i c h  
is ineffec t ive  in b lock ing  t he  n o r m a l  spikes of t a e n i a  
coli, does b lock  t he  Ca-free spikes comple t e ly  (Figure 2). 
(2) Manganese  ions, wh ich  b lock  t he  n o r m a l  a c t i v i t y  in  
c o n c e n t r a t i o n s  of 0.5-1 mM4-L i n h i b i t  t he  Ca-free 
spikes in a c o n c e n t r a t i o n  of on ly  0.01 m M  (Figure 3). 

On t he  basis  of t he  ionic theory ,  t he  on ly  e x p l a n a t i o n  
of t he  Ca-free spikes seems to be t h a t  sod ium ions are  
t he  charge  carr iers  p roduc ing  the  depolar iz ing  c u r r e n t  
of the  spike. The  pos i t ive  t e t r o d o t o x i n  effect  on  these  
spikes is cons i s t en t  w i t h  th i s  view 9,~~ The  fac t  t h a t  t he  
Ca-free spikes  are a b o u t  100 t imes  more  sens i t ive  to  
m a n g a n e s e  t h a n  are t he  n o r m a l  spikes of t a e n i a  coli 
ind ica tes  t h a t  m a n g a n e s e  does no t  i nh i b i t  t he  spikes b y  
c o m p e t i t i o n  w i t h  ca lc ium in i ts func t ion  as t he  charge  
car r ier  of t he  spike. I t  c a n n o t  be decided w h e t h e r  t he  
m a n g a n e s e  i n h i b i t i o n  u n d e r  'Ca-free '  condi t ions ,  w h e n  
smal l  a m o u n t s  of Ca are st i l l  p r e sen t  in t he  t issue, is 
i n d e p e n d e n t  of Ca, or p e r h a p s  a c o m p e t i t i o n  w i t h  Ca 
in a n o t h e r  func t ion .  The  i n h i b i t o r y  effect  of m a n g a n e s e  
ions on  spikes can  no longer  be i n t e r p r e t e d  as an  ind ica t ion  
t h a t  ca lc ium is t he  charge  car r ier  of these  spikes.  

W i t h  these  results ,  some ques t ions  a b o u t  the  spike 
m e c h a n i s m  in i n t e s t i na l  s m o o t h  muscle  are aga in  moot .  
The  fac t  t h a t  sod ium spikes can  be  elici ted re la t ive ly  
easily seems to ind ica te  t h a t  sod ium fluxes m a y  also be 
invo lved  in the  spike genera t ion  u n d e r  n o r m a l  condi t ions .  
The  mos t  i n t e re s t ing  aspec t  of our  resu l t s  seems to be  

t h a t  t he  differences  in  spike m e c h a n i s m  of var ious  s m o o t h  
muscles  (see KEATINGE 7) need  no t  be  i n t e r p r e t e d  as 
f u n d a m e n t a l  differences,  s ince in one t i ssue  ' ca l c ium 
spikes '  can  be  c o n v e r t e d  to ' s od ium spikes '  b y  s imple  
procedures .  

Zusammen/assung. An der  g l a t t e n  D a r m m u s k u l a t u r  
(Taenia  coli) des Meerschweinchens  k o n n t e n  n a c h  v61- 
l igem E n t z u g  yon  K a l z i u m  (und Magnesiunl)  aus  der  
N/ ihr l6sung  fiber lange  Zei t  Spikes  gemessen  werden .  
Diese ' ka l z iumf re i en  Spikes '  werden,  im Gegensa tz  zu 
den  Spikes  u n t e r  n o r m a l e n  Bed ingungen ,  d u r c h  Te t rodo-  
t ox in  10 -5 blockier t ,  und  sic werden  wie die n o r m a l e n  
Spikes m i t  100fach  n iedr igerer  Schwelle d u r c h  M a n g a n -  
ionen  blockier t .  Es  wi rd  a n g e n o m m e n ,  dab  N a - I o n e n  die 
ftir diese Spikes  v e r a n t w o r t l i c h e n  Ladungst r~iger  sind. 

I(.  GOLENHOFEN and  P. PETR2{NYI 

Physiologisches Institut der Universitdt, 
355 Marburg/Lahn (Germany), 14 October 1968. 

H. S. MOSHER, F. A. FUHRMAN, H. D. BUCHWALD and H. G. FI- 
SCHER, Science 144, 1100 (1964). 

10 C. Y. NAO, Pharmac. Rev. 18, 997 (1966). 

D e g e n e r a t i o n  of  t h e  P e r i p h e r a l  a n d  C e n t r a l  N e r v o u s  S y s t e m  in  V i t a m i n - B 1 2 - D e f i c i e n t  M o n k e y s  

Fol lowing on the  r epo r t  of OXNARD and  SMITH 1 on 
reduced  se rum-vi tamin-B12 levels and  neurologica l  degen-  
e r a t ion  in cap t ive  monkeys ,  f u r t h e r  q u a l i t a t i v e  and  
q u a n t i t a t i v e  inves t iga t ions  have  been  carr ied  out,  w i t h  
pa r t i cu l a r  reference to  t he  pe r iphe ra l  ne rve  lesions and  
to the  effect  of t r e a t m e n t .  

Materials and methods. 43 m o n k e y s  in t h e  colony of 
the  A n a t o m y  D e p a r t m e n t ,  U n i v e r s i t y  of B i r m i n g h a m ,  
were s tudied.  There  were 40 rhesus  m o n k e y s  (Macaca 
mulatta), 2 p a t a s  m o n k e y s  (Erythrocebus patas), and  1 
b a b o o n  (Papio anubis) ; 2 were males  and  41 were females  
of which  10 were p r egnan t .  The  an ima l s  were g rouped  
accord ing  to  d u r a t i o n  of c a p t i v i t y  and  d ie t :  group I 
compr i sed  12 m o n k e y s  k e p t  in c a p t i v i t y  f rom 11 m o n t h s  
to  10 years  on  a s t a n d a r d  v e g e t a r i a n  d ie t ;  group I I  
compr ised  14 m o n k e y s  cap t ive  f rom 11 m o n t h s  to  a lmos t  
19 years,  or ig inal ly  fed v e g e t a r i a n  die ts  b u t  s u b s e q u e n t l y  
g iven  a series of in jec t ions  of v i t a m i n  BI~ followed b y  a 
n o r m a l  d ie t  for per iods  t h a t  va r ied  f rom 6 m o n t h s  to  
4 years ;  and  con t ro l  group I I I  compr i sed  17 recen t ly  
cap t ive  m o n k e y s  g iven  v i t a m i n  Bx~ since a r r iva l  in t he  
colony, 14 an ima l s  h a v i n g  been  in c a p t i v i t y  for less t h a n  
1 m o n t h ,  a n d  t he  o the r  3 an ima l s  for 6, 7 and  15 m o n t h s  
respect ively .  The  a m o u n t s  of v i t a m i n  B12 in t he  se rum 
were e s t i m a t e d  in 38 cases b y  the  b ioassay  t e c h n i q u e  
w i t h  Euglena gracilis; OXNARD 2 found  the  m e a n  t o t a l  
level  to  be 271 ~g/ml  in r ecen t ly  cap t ive  monkeys .  I n  
g roup  I 10 an ima l s  h a d  def ic ient  levels of t he  v i t a m i n  in 
the  se rum (mean  t o t a l  level 79 ~g/ml) ;  in g roup  I I  12 
an ima l s  h a d  h igh  s e rum levels (mean  t o t a l  > 900 ~xg/ml) ; 
a n d  in g roup  I I I  t h e  se rum levels were normal ,  excep t  
for 2 p r e g n a n t  m o n k e y s  t h a t  h a d  low readings .  

Results. The  resul t s  are g iven  in t he  Table.  
A h igh  incidence  of h is to logical  lesions was found  in 

an imal s  of groups  1 a n d  I I  and  5 an ima l s  showed ove r t  
para lys is  (see Table) .  i t  should  be  no t ed  t h a t  th i s  does 
no t  r ep resen t  t he  t rue  inc idence  of pa ra lys i s  in def ic ien t  
an imals ,  wh ich  is m u c h  lower:  pa r a ly sed  an ima l s  were 
selected because  of t he  para lys i s  and  in order  to  t r y  a n d  
assess t he  effect  of t r e a t m e n t .  I n  t he  sp ina l  cord t he  
changes  r e sembled  those  of h u m a n  s u b a c u t e  c o m b i n e d  
degenera t ion ,  and  were more  severe  in the  p a r a l y s e d  
m o n k e y s ;  ce rebra l  lesions were found  in 5 animals .  
F rozen  sect ions  of t he  sciatic a n d  popl i tea l  ne rves  showed  
sudanoph i l i c  d e g e n e r a t i o n  in 21 an ima l s  ( the m e d i a n  and  
u lna r  ne rves  were n o r m a l  in all 43 cases). Segmen ta l  
demyel ina t ion ,  usua l ly  w i t h  r emye l ina t ion ,  was seen in 
teased  pe r iphe ra l  ne rve  fibres in eve ry  a n i m a l  t h a t  showed  
sudanophi l i c  degene ra t i on  (see F igure) ;  in a few an ima l s  
the re  was also a x o n a l  (wallerian) degenera t ion .  

In  g roup  I I I  m i n i m a l  lesions were found  in 4 animals .  
Two of these  were p r e g n a n t  and  h a d  low s e r u m - v i t a m i n -  
B12 levels (p regnancy  depresses  t he  s e rum v i t a m i n  B12 
in m o n k e y s :  OXNARD ~) a n d  a t h i r d  a n i m a l  h a d  a low- 
n o r m a l  level ;  t h o u g h  the  p rev ious  d i e t a ry  h i s t o ry  of 
these  3 an ima l s  was  u n k n o w n ,  t h e i r  ne rvous  sy s t ems  
could h a v e  been  affected before t h e y  a r r ived  in cap t iv i t y .  
The  f o u r t h  a n i m a l  h a d  been  cap t i ve  for 15 m o n t h s  (more 
t h a n  twice as long as a n y  o the r  a n i m a l  in g roup  I I I )  a n d  
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