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T h e  p r o x i m a l  scolopale cells lie in  t h e  b lood-space  of t h e  
t i b i a  a n d  are  a t t a c h e d  a t  t h e i r  d i s ta l  ex t r em i t i e s  to  t h e  
accessory  cells. The  l a t t e r  are  closely b o u n d  t o g e t h e r  b y  a 
n e t w o r k  of tendr i ls ,  p r e s u m a b l y  col lagenous  in na t u r e ,  
wh ich  come t o g e t h e r  in a b road  s t e m  to  a t t a c h  to  t h e  
cuticle.  

D e p e n d i n g  on  the  cond i t ions  of d a m p i n g ,  t h e  s u d d e n  
app l i ca t ion  of a force to a mass  will i n i t i a t e  a h a r m o n i c  
free v i b r a t i o n  of t h a t  mass .  The  d i sp l acemen t ,  x, is g iven  
b y  an  e q u a t i o n  of t he  form 

x = Ae - a  (cosw~ t -- ~) 

W h e r e  o)r is t he  a n g u l a r  ve loc i ty  a t  the  n a t u r a l  f requency ,  
a n d  A a n d  7 are  c o n s t a n t s  p r o p o r t i o n a l  to  t h e  app l i ed  
force. U n d e r  n o r m a l  cond i t i ons  t h i s  v i b r a t i o n  will soon  be  
d a m p e d  out .  I f  t h e  app l ied  force is i tself  h a r m o n i c ,  as i n  
t h e  cases cons idered  h e r e , i t  follows t h e r e  will be  a n  in i t i a l  
t r a n s i e n t  v i b r a t i o n  se t  up.  Th i s  will  r e v e r t  to  t h e  v i b r a t i o n  
due to the  impressed  force as soon  as  t h e  free v i b r a t i o n  
has  been  d a m p e d  out .  The  d i s p l a c e m e n t  will t h e n  be  
g iven  b y  a n  e q u a t i o n  of t he  fo rm 

x = X cos ¢o t 

where  X is t h e  m a x i m u m  d i sp lacemen t ,  a n d  e~ is t he  
angu l a r  ve loc i ty  of t h e  impressed  force. There fo re  t h e  
in i t ia l  effect  of t h e  forced v i b r a t i o n  of t h e  leg will be  to  se t  
the  cells of t he  s u b g e n u a l  o rgan  i n to  free ( t r ans i en t )  
v ib ra t ion ,  b u t  s ince the  d i s t a l  cells are  b o u n d  to  each  o t h e r  
a n d  to  t he  cuticle,  t h e i r  n a t u r a l  f r e q u e n c y  will  be  d i f f e ren t  

f rom t h a t  of t he  p r o x i m a l  cells. H e n c e  whi le  t h e  t rans ien t  
v i b r a t i o n s  last ,  t h e r e  will  be  a r a p i d  a n d  c o m p l e x  var ia t ion  
of forces a t  t h e  j u n c t i o n s  of t h e  p r o x i m a l  a n d  d i s t a l  cells, 
wh ich  could  cause  t h e  n e r v o u s  d ischarge .  I f  t h i s  is so, any 
suf f ic ien t ly  a b r u p t  d i s p l a c e m e n t  f rom equ i l ib r ium or 
s t e a d y - s t a t e  cond i t ions  m u s t  be  expec t ed  to  ini t ia te  
n e r v o u s  discharge,  wh ich  is c lear ly  ill accord  w i th  the 
resu l t s  ob t a ined .  

Zusammen/assung. Aus d e n  E r g e b n i s s e n  e iner  elektro- 
phys io log i schen  U n t e r s u c h u n g  des  Subgenua lo rgans  
zweier  I n s e k t e n  l/isst s ich ab le i t en ,  dass  e ine E r r e g u n g  der 
Sensi l len  n u r  n a c h  e iner  p lS tz l ichen  S tS rung  des  Beines 
aus  de r  R u h e  ode r  d e m  G l e i c h g e w i c h t s z u s t a n d  auf t r i t t .  

E s  wi rd  a n g e n o m l n e n ,  dass  e ine p l6 tz l iche  Ver lagerung  
de r  S t i f tze l len  u n d  de r  d i s t a l e n  akzessor i schen  Zellen des 
S u b g e n u a l o r g a n s  aus  de r  R u h e  oder  d e m  Gleichgewichts-  
z u s t a n d  sie w/ ih rend  e iner  sehr  k u r z e n  Pe r iode  in  Eigen- 
s c h w i n g u n g  verse tz t .  I n  A b h S n g i g k e i t  y o n  i h r e m  ]3au 
d i i r f te  die F r e q u e n z  de r  E i g e n s c h w i n g u n g  be i  j eder  der 
zwei Ze l l eng ruppen  ve r s ch i eden  sein, In fo lgedessen  wird 
es, bis  zu r  E i n s t e l l u n g  eines n e u e n  Gleichgewichts-  
zus tandes ,  zu e iner  schne l l en  VerAnderung  de r  Kr/ i f te  an 
de r  V e r b i n d u n g  zwischen  St i f tze l len  u n d  akzessor ischen 
Zellen k o m m e n ,  was  N e r v e n i m p u l s e  aus l6sen  k6nn t e .  

P.  E.  HowsE  

Department o~ Zoology, Queen Mary College, University o/ 
London (England), June 27, 1962. 

A n  A l k a l i  R e s i s t a n t  F a c t o r  w i t h  B~2 A c t i v i t y  f o r  

P r o t o z o a  a n d  M a n  1 

Our  s tud ies  on  t h e  effect  of f lush ing  doses of cyano-  
c o b a l a m i n  ( v i t a m i n  B12 ) in  dogs a n d  m a n  revea led  t h a t  
B~2 displaced n o t  on ly  hepa t i c  b o u n d  B~2 b u t  also a n  
a lkal i - res is tant  t h e r m o s t a b l e  fac tor  (ARF)  which  suppor t ed  
t he  g r o w t h  of t h e  B12-requiring m i c r o o r g a n i s m s  Laclo- 
bacillus leichmannii, Escherichia coli 113-3, Euglena gra- 
cilis a n d  Ochromonas malhamensis ~. G r o w t h  cou ld  n o t  be  
a t t r i b u t e d  to  deoxyr ibos ides  ~-5 s ince  t he  l a t t e r  two  
o rgan i sms  do n o t  r e s p o n d  to  nucle ic  ac id  d e r i v a t i v e s  6. 
Also, A R F  failed to  s u p p o r t  g r o w t h  of a t h y m i n e - t h y m i -  
d ine - requ i r ing  E. cell m u t a n t .  U n l i k e  B~2 or  r e l a t ed  
cobamides ,  A R F  is s t a b l e  a t  118°-121°C a n d  p H  11.5-12 
for  30-60 ra in  w i t h o u t  a d d e d  r educ ing  a g e n t s  7,s. A R F  was  
n o t  de t ec t ed  in t h e  c i r cu la t ion  of m a n  unless  d i sp laced  b y  
Blz. I t  was  found  in h u m a n  a n d  beef  l iver  a n d  also in  
a lkal i  e x t r a c t s  f rom t h e  cu l tu re  m e d i u m  of a t h e r m o p h i l i c  
baci l lus  g rown a t  55°C. T h e  p r e s e n t  c o m m u n i c a t i o n  de-  
scr ibes  m e t h o d s  of p r e p a r a t i o n  a n d  some  of t h e  c h r o m a t o -  
graphic ,  microbiological ,  a n d  cl inical  p rope r t i e s  of A R F .  

Materials and Methods. Source of A RF. (a) H u m a n :  He-  
pa t i c  venous  b lood was o b t a i n e d  f rom 12 n o r m a l  sub j ec t s  
a n d  8 p a t i e n t s  w i t h  c i r rhosis  5 m i n  to  2 h a f t e r  i n t r a -  
venous  a d m i n i s t r a t i o n  of 100 ~g of  :t3~2% Surg ica l  l iver  
biopsies were o b t a i n e d  f rom 8 n o r m a l  sub j ec t s  a n d  per-  
c u t a n e o u s  biopsies  ~° f rom 2 p a t i e n t s  w i t h  pe rn ic ious  
anemia .  

(b) A n i m a l :  Ava i lab le  c o m m e r c i a l  beef  l iver  pow de r s  
were  a n a l y z e d  for  t h e i r  A R F  c o n t e n t .  T h e  be s t  source  was  
~ound to  be  l iver  e x t r a c t  c o n c e n t r a t e  1 : 20 o b t a i n e d  f rom 
N u t r i t i o n a l  Biochemica l s  Corp.,  Cleveland  (Ohio). 

(c) Microbia l :  Bacillus coagulans ATCC 12 990, a t h e r m o -  
phi le  p r o d u c e d  A R F ,  I t  was  grown a t  55°C in  a m e d i u m  

cons i s t ing  of co rn - s t eep  l iquor  (5.0 ml),  N a C N  (2.0 ms) ,  
coba l t  (4.0. m g  as CoSO 4. 7 H 2 0  ), c i t r ic  a c i d . H ~ 0  
(100 mg),  t r i e t h a n o l a m i n e  (300 mg),  d is t i l led  w a t e r  (to 
100 ml) a d j u s t e d  to  p H  6.1 w i t h  K O H  n.  

Coba l t  was  n o t  essent ia l  for  A R F  p roduc t ion ,  t h e  same 
c o n c e n t r a t i o n  of i ron,  a d d e d  as F e S O 4 . 7 H , O  could  be 
s u b s t i t u t e d .  A l t h o u g h  A R F  a c t i v i t y  a p p e a r e d  w i t h o u t  
these  ions,  e i t h e r  ion s t i m u l a t e d  A R F  p r o d u c t i o n  b y  the  
baci l lus .  The  m e d i u m  was i nocu la t ed  w i t h  a n  h o m o g e n a t e  
f rom a loopful  of B. coagulans grown  o n  n u t r i e n t  agar  
o v e r n i g h t .  M a i n t e n a n c e  a n d  g r o w t h  of these  t h e r m o p h i l e s  
h a v e  b e e n  desc r ibed  1~. 

A RFassay.  B12 a n d  A R F  were a s sayed  w i t h  (a) L. leich- 
mannii ATCC 7830, (b) t h e  m u t a n t  E. coli 113-3, (c) E. 
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gracilis strain Z a n d  (d) 0 .  malhamensis b y  p rev ious ly  
descr ibed m e t h o d s  la. 

(a) S e r u m :  S e r u m  was  o b t a i n e d  f rom b lood  a l lowed to  
clot a t  r oom t e m p e r a t u r e  for  3 -4  h.  One  m l  of s e r u m  was  
d i lu ted  w i t h  4 ml  of acon i t i c  ac id  bu f f e r  i.e. 0 .5% trans- 
aconi t ic  acid,  a d j u s t e d  to  p H  4.5 w i t h  K O H .  T h e  so lu t ion  
was a u t o c l a v e d  a t  16 psi,  118-121°C for  30 min .  T h e  co- 
a g u l u m  was  r e m o v e d  b y  c e n t r i f u g a t i o n  a n d  t h e  super -  
n a t a n t  a d j u s t e d  f rom p H  4.5 to  11.5-12 w i t h  K O H  a n d  
r eau toc l aved  for 30 min .  Af t e r  a u t o c l a v i n g  t he  so lu t ion  
was t h e n  r e a d j u s t e d  f rom 11.5-12 to p H  7.0 w i t h  HC1 a n d  
assayed for  A R F .  Contro ls  to  e v a l u a t e  B~2 d e s t r u c t i o n  
consis ted of dup l i ca t e  sera  to  wh ich  0.1 [zg/ml of c rys ta l -  
line B12 was  added .  

(b) L ive r :  25 g of beef  l iver  was  d issolved in  500 ml  of 
aconi t ic  acid buf fe r  a n d  t r e a t e d  as desc r ibed  for  se rum.  
Assay  of t h e  in i t i a l  B ~  c o n t e n t  of t h e  l iver  p o w d e r  was  
d e t e r m i n e d  a f t e r  acid hydro lys i s .  5 m g  of B ~  was a d d e d  
to 1 g of l iver  p o w d e r  to  e v a l u a t e  t h e  effects  of a lka l ine  
des t ruc t ion .  Af t e r  r e a d j u s t m e n t  of t h e  p H  to  7,0 w i t h  HC1 
the  l iver  so lu t ion  was  lyophi l ized  to  a d r y  pow de r ;  
0.1 m g %  of t h i s  p o w d e r  was used  for  e s t i m a t i n g  A R F  
ac t iv i ty .  Unless  r e a d j u s t e d  t h e  p H  was  s t a t i c  a f t e r  al l  
procedures .  H u m a n  l iver  biopsies  were  processed  in t he  
same  m a n n e r .  

(c) Microb ia l :  Af te r  o v e r n i g h t  i n c u b a t i o n  a t  55°C, t he  
B. coagulans cu l tu re  m e d i u m  was ad j 'us ted  to  p H  4.5 w i t h  
ci tr ic acid a n d  au toc laved .  T he  debr is  was  r e m o v e d  b y  
f i l t r a t ion  a n d  t he  s u p e r n a t a n t  a d j u s t e d  to  p H  11.5-12 wi th  
K O H  a n d  t r e a t e d  as desc r ibed  for  se rum.  A 1 : 5000 d i lu t ion  
of t h e  s u p e r n a t a n t  was  used for assay.  Th i s  d i l u t i on  of 
c rude  p r e p a r a t i o n s  was found  des i rab le  to  d i m i n i s h  t h e  
toxic  effects  of c o n t a m i n a t i n g  sa l t s  on  t h e  g r o w t h  of t h e  
a s say  o rgan i sms .  

Bioautography. 0.1 ml  of t e s t  so lu t ion  o b t a i n e d  f rom 
h e p a t i c  v e n o u s  se rum,  l ive r  (1.0 m g  pe r  ml)  a n d  mic rob ia l  
sources  was  c h r o m a t o g r a p h e d  in  a d e s c e n d i n g  s y s t e m  a t  
r oom t e m p e r a t u r e  on  VCha tman  No. 1 p a p e r  s t r i p s  2 b y  
52 cm.  T h e  s o l v e n t  s y s t e m  was  n - b u t a n o l : a c e t i c  ac id :  
w a t e r  (4: 1:5).  Af te r  c h r o m a t o g r a p h y  t he  p a p e r  was  
p laced  on  a Ble a s say  m e d i u m  ( B a l t i m o r e  Biological  Co., 
Ba l t imore ,  Md.) to  w h i c h  10 m g  pe r  ml  of aga r  was  added .  
I t  was  t h e n  seeded w i t h  a cu l tu re  of L. leichmannii:  
0.2 m g  pe r  ml  of 2, 3, 5 - t e t r azo l i um red se rved  as a m a r k e r  
for d i f f e r en t i a t i ng  g rowth .  B i o a u t o g r a p h y  w i t h  L. leich- 
manni i  d i f f e r en t i a t ed  B~, f rom deoxyr ibos ides  in  t he  
s u b s t a n c e s  be ing  assayed.  

Results. A c t i v i t y  of A R F  de r ived  f rom va r i ous  sources  
is g iven  in  t h e  Table .  T h e  A R F  a c t i v i t y  is g iven  in Ba~ 

ARF and BI~ activity for B12-requiring microorganisms 

Source Organism 
Ochromonas malhamensis 
(/*[zglml) 
Activity 

we igh t s  s ince B12 was  used  as  a g r o w t h  s t a n d a r d .  The  
g r o w t h - p r o m o t i n g  a c t i v i t y  of A R F  a n d  BI~ was  app rox i -  
m a t e l y  t h e  s ame  for  t h e  four  B~2-requiring mic roo rgan i sms .  
Assay  re su l t s  w i t h  O. malhamensis  are  p r e s e n t e d  because  
t h i s  o r g a n i s m  is t h e  bes t  p a r a m e t e r  of B~2 ac t i v i t y% 
N o r m a l  s e r u m  c o n t a i n e d  no  A R F .  A R F  was  on ly  p r e s e n t  
in  h e p a t i c  ve in  s e r u m  a f t e r  g iv ing  B12; i t s  a c t i v i t y  was  
h ighes t  5 -30  ra in  a f t e r  i n t r a v e n o u s  Bl~ (Table) .  N a t u r a l l y  
occur r ing  Bx~ a n d  B12 a d d e d  to  e x t r a c t s  of s e rum,  beef  
l iver  a n d  f e r m e n t a t i o n  b r o t h  of B. coagulans were de-  
s t r oyed  b y  t he  a lka l ine  t r e a t m e n t .  N o r m a l  h u m a n  l iver  
a n d  beef  l iver  con t a in s  A R F ;  no A R F  was p r e s e n t  in  l iver  
b iopsy  spec imens  o b t a i n e d  f rom 2 p a t i e n t s  w i t h  pe rn ic ious  
a n e m i a  in relapse.  The  r i ches t  source of A R F  was t h e  
bac t e r i a l  f e r m e n t a t i o n  b r o t h  of B. coagulans. A p p a r e n t l y ,  
t h i s  t h e r m o p h i l e  p roduces  on ly  A R F  and  no t  Bx2 since 
a lka l ine  hydro lys i s  r e su l t s  in  l i t t le  loss of ac t iv i ty .  

C h r o m a t o g r a p h i c  a n d  b i o a u t o g r a p h i c  s tud ies  showed  
t h a t  BI~ s u b j e c t e d  to  acid hydro lys i s  el ic i ted two  g r o w t h  
areas ,  8 a n d  18 c m  f rom the  or ig in  xd. No g r o w t h  was  seen  
a f t e r  a lka l ine  hydro lys i s .  A d d i t i o n  of BI~ to  n o r m a l  s e r u m  
d id  n o t  a l t e r  t h e s e  resul ts .  A R F  f rom each  of the  sources  
p roduced  a n  a r ea  of  g r o w t h  a t  t h e  or ig in  a n d  a l i gh t e r  
g r o w t h  zone  5 c m  f rom the  origin.  A R F  o b t a i n e d  f rom 
l iver  also e x h i b i t e d  some a c t i v i t y  49 cm f rom t h e  origin,  
a t t r i b u t e d  to  t h e  p resence  of t h y m i d i n e  in l iver  ex t rac t s .  
T h e r e  was no  deoxyr ibose  a c t i v i t y  in a lka l ine  e x t r a c t s  of 
s e rum 15 or t h e r m o p h i l e s .  

The  hemopo ie t i c  a c t i v i t y  of A R F  was e v a l u a t e d  in 2 
p a t i e n t s  w i t h  pe rn ic ious  a n e m i a  in re lapse  who  e x h i b i t e d  
a m a c r o c y t i c  anemia ,  mega lob la s t i c  bone  mar row,  achlor -  
hyd r i a ,  a n o r m a l  s e r u m  folic acid as a n d  a s e r u m  B ~  of 21 
a n d  25 {29g/ml (no rma l  200-1000  ~vg/m113). B o t h  p a t i e n t s  
were  m a i n t a i n e d  on  a folic ac id  a n d  Bt~ def ic ien t  d ie t ,  a n d  
on  th i s  r eg imen  e x h i b i t e d  a r e t i cu locy te  c o u n t  of 0 .1 -0 .5% 
w i t h o u t  s ign i f i can t  c h a n g e s  in t he  h e m a t o c r i t .  A t o t a l  of 
0.84 t~g or  O. malhamensis  respons ive  A R F  was  g iven  
i n t r a m u s c u l a r l y  to  t h e  f i rs t  p a t i e n t .  I t s  a d m i n i s t r a t i o n  
was followed b y  a n  inc rease  of  r e t i cu locy te s  f rom 0.5 to  
12%,  a rise in  h e m a t o c r i t  f rom 22 to 37%,  a n d  a r eve r s ion  
of t he  mega lob la s t i c  bone  m a r r o w  to  one  of n o r m a l  
morpho logy .  A t  t he  t i m e  of t he  m a x i m u m  h e m o p o i e t i c  
response  the  s e r u m  B12 level  h a d  decreased  f rom 25 to  
4 tz~zg/ml a n d  h e p a t i c  t i ssue  c o n t e n t  of Bx2 was r educed  
f rom 45 to  20 ~t[zg/mg of dr ied  l iver  (no rma l  1000-3000 ~ttzg 
pe r  mg). 1 ~g of O. malhamensis a c t i v i t y  A R F  g iven  ora l ly  
on  two  occas ions  p roduced  a s imi la r  response  in a second 
p a t i e n t  w i t h  pe rn ic ious  anemia .  S u b s e q u e n t  Schi l l ing 
t e s t s  were  c o m p a t i b l e  w i t h  a d iagnosis  of pern ic ious  
a n e m i a  in b o t h  p a t i e n t s  ~7. F u r t h e r  de ta i l s  of these  cl inical  
s tud ies  wil l  b e  r ecorded  e lsewhere  18. 

S t a b i l i t y  to  a lka l ine  hydro lys i s  d i f f e ren t i a t e s  A R F  
f rom c rys ta l l ine  B12, c o e n z y m e  BI, ,  h y d r o x y c o b a l a m i n ,  
folic acid or  folinic acid,  s ince these  s u b s t a n c e s  a re  com-  
p l e t e ly  d e s t r o y e d  b y  a u t o c l a v i n g  a t  p H  11.5-12 for  
30 min  7,s'19. T h e  chemica l  a n d  microb io log ica l  p rope r t i e s  
of A R F  also d i f f e ren t i a t e  i t  f rom e r y t h r o p o i e t i n  2°, a 

1. Hepatic vein serum BI~ 

Normal 520 
Addition of 1O0 m[zg of B12/ml of serum 104 000 
30 rain after B,2 26000 

2. Microbial (/z~tg/ml) 
Bacilh~s coagulans ATCC 12 990 5 200 

3. Liver (m[.tg/mg) 
Human liver biopsy 1769 
Biopsy from pernicious anemia 45 
Commercially prepared beef liver 2400 

ARF 
0 
0 

725 
la 17t. BAKER, O. FRANK, I. PASHER, and H. SOIIOTKA, Clin. Clmm. 6, 

578 (1960). 
la H. B. WOODRUFF and J. C. FOSTER, J. biol. Chcm, 183, 569 (1950). 
1~ C. BlsnoP, D. M. RANKINE, and J. H. TALBOTT, J. biol. Chem. 234, 

4800 1233 (1959). 
16 H. BAKER, V. HERBERT, O. FRANK, I. PASIiER, S. H. HUTNER, 

L. R. ~¢VAssERMAN, and H. SOBOTKA, Clin. Chem. 5, 275 (1959). 
233 17 R, GRASBECK, in Advances in Clinical Chemistry, vol. 3, 299 (1960). 

0 is C. M. LEEVV, H. BAUER, and O. FRAtCK, Ann. int. Med., in press. 
1300 ~9 j .  C. RABI~'OWITZ, in The Enzymes, vol. 2, 185 (1960). 

20 A. S. GORDON, Physiol. Rev. 39, 1 {t959). 
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g lycopro te in ,  wh ich  is de s t royed  b y  such  a lka l ine  t r e a t -  
m e n t  a n d  does n o t  s u p p o r t  g r o w t h  of B12-requiring micro-  
o rgan i sms .  F u r t h e r  s tud ies  are  c u r r e n t l y  u n d e r w a y  to  
pur i fy  A R F  a n d  to e luc ida te  i ts r e l a t i onsh ip  to B12, folic 
acid a n d  nucleic  acids. 

Rdsumd. Un facteur ,  r6 s i s t an t  5. l ' a lcal i  e t  t h e r m o s t a b l e ,  
p e u t  4tre  e x t r a i t  du s6rum de l ' h o m m e ,  du foie de b0euf e t  
des  bact6r ies  t he rmoph i l e s .  Ce f ac t eu r  r e s semble  ~ ta 
v i t a m i n e  B12 p a r  son ac t iv i t6  chez  le p ro toza i r e  e t  l ' h o m m e .  
I1 p e u t  r6sis ter  30 min  ~ la t emp .  de 118-121°C en au to -  

clave,  d a n s  un  mil ieu c o n t e n a n t  l 'alcali ,  p H  11.5-12. Ce 
I ae t eu r  ca rac t6 r i s t i que  es t  d i s t i nc t  de la v i t a m i n e  B12, de 
l ' h y d r o x y c o b a t a m i n e ,  de  la c o e n z y m e  B~a, de t 'acide 
folique, de l 'ac ide  fol inique,  e t  de l ' 6 ry th ropo i6 t ine .  

H .  BAKER, O. FRANK, a n d  C. M. LEEVY 

Division o[ Hepatic 2lletabolism and Nutrition, Department 
o/ Medicine, Seton Hall College o/Medicine and Jersey City 
Medical Center, Jersey City (New Jersey, U.S.A .), June 21, 
1962. 

C Fibre  I n n e r v a t i o n  of a M e c h a n o r e c e p t o r  

P a c i n i a n  corpuscles  are  i n n e r v a t e d  b y  a m y e l i n a t e d  
axon  of large d i ame te r ,  t he  we l l -known m e c h a n o - r e c e p t o r  
axon  of t he  sense  organ.  In  t h e  p r e sen t  p a p e r  a second 
a x o n  of smal l  d i a m e t e r  will be descr ibed  i n n e r v a t i n g  the  
corpuscle .  

P a c i n i a n  corpuscles  were i so la ted  f rom the  c a t ' s  mes-  
e n t e r y  t o g e t h e r  w i th  a l eng th  of t h e i r  n e r v e  s u p p l y  a n d  
set  up  in a b a t h  of Krebs ' s  so lu t ion  covered  w i t h  m i n e r a l  
oil. E lec t r ica l  s t i m u l a t i o n  of t he  n e r v e  s u p p l y  elici ts  a n  
ac t ion  p o t e n t i a l  t h a t  is c o n d u c t e d  a t  35 m/sec  (28°-32°).  
Th i s  co r re sponds  to a n  A f ibre of a b o u t  6 tx d i a m e t e r ,  a n d  
agrees  well w i t h  t he  d i a m e t e r  of t he  large f ibre d e t e r m i n e d  
h is to logica l ly .  W h e n  t he  s t imu lus  s t r e n g t h  is ra ised  b y  a 
fac to r  of 3 to  6 ( d u r a t i o n  0.25 msec),  a second ac t ion  
p o t e n t i a l  of m u c h  smal le r  a m p l i t u d e  a n d  c o n d u c t i o n  
speed (mean,  0,7 m/sec)  appea r s  (Figure) .  The  fas t  

L-  
IF k 

Dual innervation of a Pacinian corpuscle. Left, corpuscle (total 
mount) stained vital ly with methylene blue. A small unmyelinated 
fibre (F) parallels the large myelinated fibre (L) in the s ta lk  of the 
corpuscle. Right, the impulses of the small and large fibres, a, b, elec- 
trical st imulation of threshold strength of the corpnscle's nerve supply 
elicits an impulse in the large fibre (F); and e, in addition another 
more slowly conducted impulse (S) in the small fibre when the 
strength is increased. Second beam from top signals stimulus. 

Calibration !5 [xV; time in a, 1 tnsee, in b and e, 5 msee. 

p o t e n t i a l  is c lear ly  t h e  impu l se  of t h e  large  m y e l i n a t e d  
a x o n  of t h e  sense  o r g a n :  a p o t e n t i a l  p roduced  in response  
to m e c h a n i c a l  s t i m u l a t i o n  of t h e  m e c h a n o - r e c e p t o r  end ing  
of the  large f ibre ( o r t h o d ro mi c  impulse)  is iden t i ca l  wi th  
t h e  e lec t r ica l ly  exc i t ed  fas t  p o t e n t i a l  ( a n t i d r o m i c  im- 
pulse).  T h e  slow p o t e n t i a l  is c o n d u c t e d  in a s epa ra t e  axon  
an d  n o t  mere ly  in a f iner  b r a n c h  of t h e  large one, for when  
ortho- a n d  a n t i d r o m i c  impulses  are  t i m e d  to  coll ide along 
t h e i r  m e s e n t e r i c  or  i n t r a - c o r p u s e u l a r  course,  abo l i t i on  of 
the  impulses  occurs,  whi le  the  slow impulse  runs  t h r o u g h  
u n c h a n g e d .  T h e  c o n d u c t i o n  ve loc i ty  a n d  t h e  a m p l i t u d e  of 
t h e  stow p o t e n t i a l  i nd i ca t e  t h a t  i t  is c o n d u c t e d  in a ve ry  
smal l  n o n - m y e l i n a t e d  C fibre. We  h a v e  t r a c e d  th i s  fibre 
in to  t h e  corpuscle.  Fo r  th i s  pu rpose  t h e  lamel lae  of the  
corpusc le  were r e m o v e d  b y  d issec t ion  up  to  t h e  i nne r  core. 
Th i s  frees a l e n g t h  of i n t r a - c o r p u s c u t a r  n e r v e  s u p p l y  of 
a b o u t  500 [, for e lec t r ica l  recording,  a l lowing one to t race  
p a r t  of t h e  course  of t h e  smal l  f ibre inside t h e  corpuscle.  
(As h a s  been  shown  in  ear l ier  work,  t h e  m e c h a n o - r e c e p t i v e  
p rope r t i e s  of such  a d e c a p s u l a t e d  p r e p a r a t i o n  are  un im-  
paired1.)  W i t h  t h e  r ecord ing  e lec t rode  p laced  where  the  
n e r v e  s u p p l y  n o r m a l l y  en t e r s  t h e  corpuscle ,  a n d  a n o t h e r  
one  a t  the  h e i g h t  of the  f i rs t  i n t e r n o d e  of t h e  large fibre 
which  n o r m a l l y  lies in t h e  p r o x i m a l  p o r t i o n  of t h e  cor- 
puscle,  t h e  smal l  f ibre impul se  is recorded  as a b iphas ic  
po ten t i a l ,  showing  t h a t  i t  is c o n d u c t e d  for  some  l eng th  
inside the  corpuscle.  

T h e  smal l  f ibre  was also t r aced  b y  h is to logica l  means .  
B o t h  B o d i a n  s t a ined  sec t ions  a n d  m e t h y l e n e  blue  s t a ined  
whole  m o u n t s  of corpuscles  show ev idence  of a f ine nerve  
f ibre t h a t  para l le ls  t h e  m y e l i n a t e d  a x o n  in t h e  s t a lk  and  
in a t  leas t  the  p r o x i m a l  s e g m e n t  of the  corpuscle.  

Zusammen/assung. Pac in i sche  K 6 r p e r c h e n  bes i t zen  eine 
doppe l t e  I n n e r v a t i o n .  Ausser  de r  b e k a n n t e n  m a r k h a l t i g e n  
m e c h a n o r e z e p t o r i s c h e n  F a s e r  (A-Faser ,  O b e r t r a g u n g s -  
geschwindig~ei t  35 m/sec)  t r i t t  noch  eine feine mark lose  
Fase r  (C-Faser) in das  K 6 r p e r c h e n  ein. Die C-Fase r  l~isst 
s ich m i t  e l ek t rophys io log i schen  u n d  h i s to log i schen  Me- 
t h o d e n  in den  m e s e n t e r a l e n  Nerven ,  im Stiet  des Pacini-  
schen  K 6 r p e r c h e n s  sowie in se inem I n n e r n  (Prox imal -  
segment )  nachweisen .  

\x,, R.  LOEWENSTEIN, K.  GOTO, a n d  C. NOBACK 

Department o/ Physiology and Department o/ Anatomy, 
Columbia University, College o[ Physicians and Surgeons, 
New York (U.S.A.), June 25, 1962. 
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