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The Axon Reflex Sweating Produced by 
Potassium and Sodium Cyanides 

In  h u m a n  skin, swea t ing  is p roduced  t h rough  axon  
reflex mechan i sm by  in t r ade rma l  in jec t ion  of nicot ine and  
o the r  agen ts  wi th  nicot inic  ac t ion  ~, and  also b y  sod ium 
chlor ide and  some o the r  sod ium sal ts  2. The axon  reflex 
swea t ing  can be elicited also in t he  toe -pads  of the  ca t  b y  
nicot ine and  sod ium chlor ide:  th is  response  is abol ished 
by  degenera t ion  of the  pos tgangl ionic  s y m p a t h e t i c  ner-  
ves, bu t  no t  influenced by  degenera t ion  of the  sensory  
nerves  supp ly ing  the  toe -pads  3. The receptors  responsible  
for th i s  swea t ing  are  p re sumed ,  for the  present ,  to  be 
specialized pa r t s  of the  s y m p a t h e t i c  sweat  nerve  endings.  

In  the  p resen t  exper iments ,  we inves t iga ted  the  effect 
of po t a s s ium and  sodium cyan ides  on the  receptors  for the  
axon  reflex swea t ing  and  found t h a t  the  cyan ides  t h e m -  
selves have  a p r o p e r t y  of p rovoking  the  axon  reflex 
response  b y  ac t ing  on the  receptors .  

Obse rva t ions  were  m a d e  on the  toe -pads  of nine cats  
of bo th  sexes, weighing 2-2 to 3-6 kg. The t echn iques  used 
were  the  same as those  descr ibed in our  previous  pape r  3, 
In  order  to  exclude  sweat ing  of cent ra l  origin in t he  toe-  
pads  of the  h ind  feet, the  sciatic nerves  were sec t ioned 
a b o u t  4 to  5 h previous ly  unde r  e the r  anaes thes ia .  To 
visualize sweat ing,  t he  iod ine-s ta rch  m e t h o d  of WADA a n d  
TAKAGAKI 4 was  used. Fo r  ident i f ica t ion of t he  axon  re- 
flex sweat ing,  t he  b a n d  m e t h o d  2 was  applied.  The t es t  
agents  used were dissolved in 0.9% NaC1 solut ion and  
in jec ted  subcu t aneous iy  to  t h e  toe -pads  on the  dis ta l  side 
of t he  b a n d  unde r  non-anaes thes ia ,  as i l lus t ra ted  in the  
Figure.  

The effect of KCN on the  axon reflex swea t  response  to  
nicot ine was s tud ied  in 4 cats.  In jec t ion  of 0.05 ml of 
n icot ine  in 10 -4 or 10 -3 on the  first  day  a f te r  sec t ion  of 
the  sciatic nerves  showed an  ev iden t  axon  reflex sweat ing  
in all of toe -pads  tes ted .  As descr ibed in a previous  paper  3, 
t he  respons iveness  of each toe -pad  to  the  axon  reflex 
p rovok ing  ac t ion  of n icot ine  d imin i shed  more  or  tess 
rapidly,  as t he  days  elapsed.  On the  5th to  7 th  d a y  a f te r  
the  sciatic nerve  s~ction, the  response  became  doub t fu l  
or no longer de tec tab le  even  wi th  10 -2 nicot ine.  

In  m o s t  exper iments ,  KCN in 10 .3 was  appl ied  in 
m ix tu r e  wi th  n icot ine  in 10 -4 to  10 -2. No evidence  was 
ob ta ined  to  indicate  t h a t  KCN inhib i t s  the  axon  reflex 
response  to  nicotine.  In j ec t ion  of KCN in 10 -3 alone 
elici ted occasional ly a s l ight  swea t ing  a round  the  si te of 
in ject ion.  KCN in 10 .2 alone was t e s t ed  in the  four th  ca t  
on the  second d a y  a f te r  t he  nerve  opera t ion .  I t  was  an 
u n e x p e c t e d  f inding t h a t  th is  concen t r a t ion  of KCN 
produced  a vigorous axon reflex sweat ing.  

In  18 ou t  of 23 tes t s  in 6 cats,  pe r fo rmed  on the  first 
to  t h i rd  d a y  af ter  t he  sciat ic  nerve  sect ion,  t h e  axon  re- 
flex sweat  response  was observed  wi th  KCN in 10 -2. The 
failure of the  response  in 5 tes ts  was p roved  to be due  to 
the  decreased sens i t iv i ty  of the  recep tors  for the  axon  
reflex. The response  c o m m e n c e d  usual ly wi th in  20 to 50 s 
a f te r  the  s t a r t  of inject ion.  N o t  rarely,  over  100 swea t  spo ts  
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were coun ted  on e i ther  side of the  band .  The p a t t e r n  of 
the  response  was qu i te  analogous  to t h a t  of the  axon  re- 
flex sweat ing  p roduced  by  nicotine.  Then,  a t t e m p t s  were 
m a d e  to  de t e rmine  the  effects on the  swea t  response  to  
KCN of procaine  hydrochlor ide ,  a t rop ine  su lpha te  and  
h e x a m e t h o n i u m  bromide .  

Fig. 1.--The axon reflex sweating on the cat's toe-pad. A band was 
applied across the middle part of the toe-pad on the second day after 
section of the sciatic nerve. Subcutaneous injection of 0-05 ml of 
10 -2 KCN (in mixture with hexamethonium) was made to the distal 
side of the band. Sweating was visualized as black spots. The site 
of injection is indicated by arrow. White spots on the toe-pad are 

caused by reflection of light. Magnification, 3.5 ×. 

The effect  of procaine  in t0  -a was e x a m i n e d  in 13 t e s t s  
in 5 ca ts  : in all t es t s  t he  sweat  response  to KCN in 10 -2 was 
comple te ly  inhibi ted.  Likewise,  the  effect of KCN was 
abol ished by  a t rop ine  in 10 -a in all of 12 tes t s  in 4 cats.  
On the  cont ra ry ,  h e x a m e t h o n i u m  in 10 -a was w i t h o u t  
a n y  inh ib i to ry  effect in all of 22 tes ts  in 5 ca ts  (Figure).  
These resul ts  are ve ry  similar  to  those  ob ta ined  f rom the  
expe r imen t s  on the  axon  reflex sweat ing  p roduced  by  
h igh  concen t r a t ion  of NaCP. This  fact  suppor t s  the  view 
t h a t  the  axon  reflex swea t ing  occurs w i t h o u t  synap t i c  
t r ansmiss ion  by  ace ty lchol ine  as in the  s y m p a t h e t i c  
ganglion.  The failure to see the  axon  reflex response  af ter  
in jec t ion  of KCN in mi x t u r e  w i th  procaine  or w i t h  a t ro-  
pine could no t  be a t t r i b u t e d  to  the  decreased  sens i t iv i ty  
of the  receptors ,  since posi t ive  resul ts  were o b t a i n e d  in 
mos t  of t he  tes t s  in which  the  same concen t r a t i on  of KCN 
was appl ied  alone or in m i x t u r e  w i th  h e x a m e t h o n i u m  to 
the  same toe -pads  the  following day.  

In  addi t ion ,  the  effect  of NaCN was s tud ied  in two 
ca ts :  in jec t ion  of NaCN in 10 -2 also p ro v o k ed  a defini te  
axon  reflex sweat ing.  In jec t ion  of NaCN in 10 -3 p roduced  
a doub t fu l  response,  b u t  a s u b s e q u e n t  in jec t ion  of NaCN 
in 10 -2 was fully effective. 

Fu r the r ,  t he  axon  reflex n a t u r e  of t he  swea t ing  produc-  
ed by  the  cyan ides  was conf i rmed b y  obse rva t ions  on 
h u m a n  skin, us ing the  b a n d  m e t h o d  2. I n t r a d e r m a l  in- 
jec t ions  of 0.1 ml  of NaCN in 10 -a and  10 -2 were  m a d e  to  
t he  dorsal  surface of t he  forearms  of one of us (K.). W i t h  
NaCN in 10 -2, t he  swea t  spo t s  began  to  ap p ea r  a round  
the  wheal  of inje t ion wi th in  40 s a f te r  t he  s t a r t  of in- 
ject ion and  sp read  ve ry  rap id ly  and  widely  to the  un- 
in jec ted  side b ey o n d  the  band.  The size of the  sweat ing  
areas  reached  its m a x i m u m ,  e.g. 37 cm 2, -within 6 rain af ter  
inject ion.  NaCN in 10 -3 was  also effective,  b u t  the  e x t e n t  
of the  response  p roduced  was m u c h  smaller.  
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The  r ecep to r s  for t h e  a x o n  reflex swea t ing  h a v e  a pro- 
p e r t y  of be ing  s t i m u l a t e d  b y  n ico t ine  and  agents  wi th  
n ico t in ic  ac t ion ,  in  c o m m o n  w i t h  the  s y m p a t h e t i c  
gangl ion  cells and  t he  ca ro t id  b o d y  chemoreceptors .  The 
s imi lar i t ies  a n d  differences b e t w e e n  the  proper t ies  of the  
l a t t e r  two  s t r u c t u r e s  were c o m p r e h e n s i v e l y  reviewed by  
KONZETT a n d  ROTHmN% The  s y m p a t h e t i c  gangl ion cells 
h a v e  been  s h o w n  to be  se lec t ive ly  pa ra lyzed  by  the  
cyanidesL Since t he  work  of HEYMANS et a12, t he  cyanides,  
on  t he  o t h e r  h a n d ,  h a v e  been  k n o w n  to s t imu la t e  the  
ca ro t id  b o d y  chemorecep to r s .  In  th i s  respect ,  t he  re- 
cep tors  respons ib le  for t h e  a x o n  reflex swea t ing  resemble  
the  ca ro t id  b o d y  chemorecep to r s .  

MASAO WADA, TSUYOSH! AOKI, 
a n d  W'ATARU t'£OYAMA 

(1 : 100000) a d d e d  to  Locke ' s  so lu t ion .  A c e t y l c h o l i n e  was  
a s sayed  on  b lood pressure  of e v i s c e r a t e d  ch lo ra losed  
cats .  

// /////[/// 
Fig. l . -Cat ,  chloralose. Nictitating membrane contractions at dif- 
ferent temperatures in the range fronl l.l"C to {]7'~C. l'reganglic~lic 

nerve stimulation at 2 and 10 shocks per s. 

Physiological Laboratory, Tohoku University School o~ 
Medicine, Sendal (Japan), July 12, 1957. 

Zusammen[assung 

S u b k u t a n e  E i n s p r i t z u n g  yon  K a l i um -  oder  Na t r i um-  
zyan id  in die Z e h e n b a l l e n  der  K a t z e  f i ihr t  t iber einen 
Axonref lex  zu m e r k l i c h e m  Schwi tzen .  Dieser  Effekt  von  
K a l i u m z y a n i d  wird  d u r c h  P r o c a i n  und  A t r o p i n  gehemmt ,  
n i c h t  a b e r  d u r c h  H e x a m e t h o n i u m .  A u c h  be im Menschen  
ru f t  i n t r a k u t a n  e ingeff ihr tes  N a t r i u m z y a n i d  eine ent -  
sp rechende  S c h w e i s s a b s o n d e r u n g  hervor .  
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F igure  1 shows t he  response  of the  n i c t i t a t i n g  m e m -  
b r a n e  to p regangl ion ic  s t i m u l a t i o n  a t  2 a n d  10 shocks  
per  s a t  37°C. At  14°C the  r e sponse  df t hc  m e m b r a n e  
was cons iderab ly  more  a f fec ted  for h i g h e r  r a t e s  of 
s t imula t ion .  By  increas ing  t he  t e m p e r a t u r e  t h e  r e sponse  
to h igh  f requencies  g r a d u a l l y  r e t u r n e d  to  i t s  n o r m a l  
value.  At  t e m p e r a t u r e s  r ecorded  in th i s  e x p e r i m e n t  
(14 °, 15 °, 17°, . 19 ° and  22°C), t h e  r e sponse  of t h e  m e m -  
b r a n e  to low f requency  s t i m u l a t i o n  was p r a c t i c a l l y  un -  
af fected b y  t e m p e r a t u r e  changes .  These  r e su l t s  a re  in  
good a g r e e m e n t  wi th  thosc  r e p o r t e d  b y  1)OUGLAS a n d  
MALCOLML who found t h a t  a n  i n h i b i t i o n  to h i g h  fre- 
q u e n c y  of s t imu la t ion  p receeded  t he  cold b lock  in  c a t  
nerves.  

The Influence of Frequency of St imulat ion  
on Synaptic  T r a n s m i s s i o n  at Different 

T e m p e r a t u r e s  

Cool ing of t h e  g a n g l i o n  causes  fa i lure  of t he  n i c t i t a t -  
ing  m e m b r a n e  c o n t r a c t i o n s  on  p regang l ion ic  n e r v e  
s t i m u l a t i o n L  I n  some  of our  p r e l i m i n a r y  e x p e r i m e n t s  '2, 
we n o t i c e d  t h a t  a t  h i g h e r  f r equenc i e s  of s t i m u l a t i o n  
n i c t i t a t i n g  m e m b r a n e  c o n t r a c t i o n s  fai led ear l ie r  on 
cool ing t h e  gang l ion .  I n  t h i s  c o m m u n i c a t i o n  we r e p o r t  
some  f u r t h e r  e x p e r i m e n t a l  r e s u l t s  c o n c e r n i n g  th i s  effect  
of d i f f e r e n t  f requenc ies .  I n  some e x p e r i m e n t s  n i c t i t a t -  
ing m e m b r a n e  c o n t r a c t i o n s  were  recorded ,  in  o the r s  
t he  a c e t y l c h o l i n e  o u t p u t  was  d e t e r m i n e d .  

T h e  s u p e r i o r  ce rv i ca l  g a n g l i o n  of ch lo ra losed  ca t s  was 
p e r f u s e d  in t h e  u sua l  way .  T he  cerv ica l  s y m p a t h e t i c  
t r u n k  was  s t i m u l a t e d  w i t h  s q u a r e  vo l t age  pulses  of 1 ms 
d u r a t i o n  a t  f r equenc i e s  of 2, 10 a n d  15 shocks  pe r  s. 
The  g a n g l i o n  was  h e a t e d  or  cooled in t he  w ay  descr ibed  
in one  of o u r  ea r l i e r  p a p e r s L  T h e  t e m p e r a t u r e  was 
m e a s u r e d  b y  m e a n s  of a t h e r m o c o u p l e  c o n n e c t e d  to a 
g a l v a n o m e t e r .  N i c t i t a t i n g  m e m b r a n e  c o n t r a c t i o n s  were 
r e c o r d e d  w i t h  a n  i so ton ic  lever .  I n  e x p e r i m e n t s  in 
w h i c h  t h e  a c e t y l c h o l i n e  o u t p u t  was  d e t e r m i n e d ,  the  
p o s t - g a n g l i o n i c  t r u n k  was  t i ed  a n d  eser ine  s u l p h a t e  
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Fig. 2.--Cat, chloralosc. Nictitating membrane contractions at dig 
fcrent temperatures in the range fr(nn 49~C to 52,5°C. Preganglionic 

nerve stimulation at 2 and 10 shocks per s. 

A t  h igh  t e m p e r a t u r e s  oppos i te  effects  were o b s e r v e d .  
H igh  f requencies  of s t i m u l a t i o n  were more  effect ive .  
Gradua l  fai lure of the  m e m b r a n e  c o n t r a c t i o n s  to  low 
f r equency  s t i m u l a t i o n  s t a r t e d  a t  49.5°C (Fig. 2). T h e  
response  to h igh  f r e q u e n c y  s t i m u l a t i o n  was  a l m o s t  
u n i m p a i r e d  up  to 50.8°C w h e n  a s t eep  fal l  b e g a n .  A t  
52-5 ° C the  response  to  b o t h  f requenc ies  was  m u c h  re-  
duced.  

F i g u r e  3 s u m m a r i s e s  ou r  resul ts .  The  re sponse  of t h e  
m e m b r a n e  (on l oga r i t hmic  scale) ha s  been  p l o t t e d  a g a i n s t  
the  t e m p e r a t u r e .  Two d i f f e ren t  c u r v e s  were t h u s  ob -  
ta ined ,  one for t he  low f r e q u e n c y  (2/s, b l a c k  dots) ,  t h e  
o the r  (circles) for t he  h i g h  f r e q u e n c y  of s t i m u l a t i o n  
(10/s). The  low f r e q u e n c y  c u r v e  is sh i f t ed  to  t h e  lef t  in  
the  whole r ange  of t e m p e r a t u r e s  r eco rded  in t he se  ex-  
pe r imen t s .  

The  inf luence  of f r e q u e n c y  of s t i m u l a t i o n  was  also 
no t i cab le  in e x p e r i m e n t s  ill wh ich  t he  a c e t y l c h o l i n e  o u t -  
p u t  was  d e t e r m i n e d  a t  d i f f e ren t  f requencies .  F i g u r e  4 
shows the  r e su l t  of four  e x p e r i m e n t s  p e r f o r m e d  a t  37°C 
and  a t  20°C, respec t ive ly .  A t  37°C the  o u t p u t  of a ce ty l -  

4 W. W. I)OVGLAS and J. L. Mat.cot.M, J. t'hysiol, t3o, 53 (1955). 


