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Z u s a m m e n [ a s s u n g  

E i n  n e u e s  C y t o c h r o m  is t  au s  S c h w e i n e l e b e r  i sot ier t  
worden .  E s  w i rd  d u t c h  D P N H - C y t o c h r o m - c - R e d u k t a s e  
reduz ie r t .  A n t i m y c i n  A h e m m t  diese R e a k t i o n ,  die n u r  
in  G e g e n w a r t  des  S l a t e r - F a k t o r s  ablAuft .  

E s  i s t  w a h r s c h e i n l i c h ,  dass  d ieses  C y t o c h r o m  in die 
E l e k t r o n e n t r a n s p o r t r e i h e ,  u n d  zwar  zwi schen  R e d u k t a s e  
und  C y t o c h r o m  c, e i n g e s c h a l t e t  ist.  

Effects of Ul trav io le t  Light  on s o m e  of the 
Electrical  Character i s t ics  of Act ion  Potent ia l s  of 

S ingle  U n m y e l i n a t e d  Nerve  Fibers  
of the Crab C a r c i n u s  ~ 

As a co ro l l a ry  t o  p h o t o c h e m i c a l  w o r k  d o n e  in t h i s  
l a b o r a t o r y  w i t h  s ingle  m y e l i n a t e d  n e r v e  f ibersL a n u m -  
ber  of e x p e r i m e n t s  h a v e  b e e n  ca r r i ed  o u t  to  t e s t  t h e  
effects  of m o n o c h r o m a t i c  u l t r a v i o l e t  i r r a d i a t i o n  on  
r e s t i ng  s ingle  u n m y e l i n a t e d  f ibers  f r o m  t h e  w a l k i n g  leg 
of t he  c rab ,  Carc inus  maenas.  
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Fig. 1.--Top view and cross-sections of bridge used for irradiation 
of single crab neurons. Further description in text, 

T h e  n e r v e  was  o b t a i n e d  b y  t h e  " p u l l o u t "  t e c h n i q u e  of 
FURUSAWA 3, a n d  a s ingle  l a rge  f ibe r  ( 2 0 - 3 0 / ,  in  d i ame te r )  
was i so la ted ,  t h e  d i s sec t i on  b e i n g  ca r r i ed  o u t  in  ar t i f ic ia l  
sea w a t e r  4. A f t e r  i so la t ion ,  t h e  n e r v e  was  m o u n t e d  o n  
the  b r i d g e  d i a g r a m m e d  in F i g u r e  i .  Th i s  a p p a r a t u s  con-  
sisted b a s i c a l l y  of t h r e e  p ieces  of pe r spex ,  one  a large  
block, n o t  s h o w n  in  t h e  F igu r e ,  w h i c h  s e r v e d  as  a base  
for t h e  b r i d g e  a n d  w h i c h  he ld  a q u a r t z  w i n d o w  d i r ec t l y  

1 This  work  was  car r ied  out  dur ing  the  tenure  of a Postdoctoral  
fellowship f rom the  Uni ted  Sta tes  Publ ic  Hea l th  Service. 

M. HU*TON-RODOLP~, Helv .  physiol.  Ac ta  1, C15 (1943); Disser- 
tation, Bern  1944. - J .  BOOTH, A. v.  MI.rRALT, and R. STXMPFLI, Helv.  
physiol. A e t a  8, 1t0 (1950). - A. v .  MURAI.T and  R. STXMPFLI, Helv .  
physiol. A c t a  11, 18~ (1953). - H.-C. LfJTTGAII, Helv .  physiol. Acta 
12, C56 (1954); Pfliigers Arch.  ges. PhysioL 262, 244 (1956). 

a K.  F m / v s A w a ,  J .  Physiol, 67, 325 (1929). 
Based on an anMysis of Nor th  Sea wa te r ,  wi th  the  following 

iomc molar i t ies  (mMIL): N a  + ~ 477-4; K+  -- 9.0; Mg ++ -- 55.0; 
Ca++-- 8.1; e l -  -- 55~.~; SO2 = -- ~8.0; NOa-  -- 1.~; H e % -  -- 2.6; 
HP04  = --  0.3. To ta l  ionic rnolar i ty  --  1.1338. 

u n d e r  t h e  r eg ion  of t h e  n e r v e  to  b e  i r r a d i a t e d .  T h e  u p p e r  
p a r t  of t h i s  br idge ,  s h o w n  in  t h e  d r a w i n g ,  was  sc rewed  
o n t o  t h e  base .  I t  was  so c o n s t r u c t e d  t h a t  t h e  f iber  (N) 
l ay  across  t h r e e  wells c o n t a i n i n g  sea  wa te r .  T h e  ends  of 
t h e  f iber  were  c l a m p e d  to  t h e  f loors  of t h e i r  r e s p e c t i v e  
wells  b y  s t a in l e s s  s tee l  e lec t rodes .  T h e  c e n t e r  well  was  
c o n n e c t e d  b y  a t u n n e l  to  a f o u r t h  well, in  w h i c h  was  
i m m e r s e d  a A g - A g C l  e l ec t rode  in sea  w a t e r  agar .  T h e  
c h a n n e l  in  w h i c h  t h e  n e r v e  lay  cou ld  be  a l t e r e d  in  w i d t h  
b y  a s c r e w - a n d - l e v e r  m e c h a n i s m  w h i c h  a l l owed  f ine  
m o v e m e n t  of a s e p a r a t e ,  c lose- f i t t ing ,  p e r s p e x  b l o c k  
f rom w h i c h  t h e  walls  of one  side of t h e  c h a n n e l  h a d  b e e n  
m a c h i n e d .  W i t h  t h e  n e r v e  in pos i t ion ,  t h e  w i d t h  of t h e s e  
c h a n n e l s  cou ld  b e  b r o u g h t  to  w i t h i n  a few m i c r o n s  of t h e  
d i a m e t e r  of t h e  f iber,  p r o v i d i n g  a h igh  e lec t r ica l  res i s t -  
ance  b e t w e e n  t h e  t h r e e  wells  w i t h o u t  m e c h a n i c a l  d a m a g e  
to  t he  f iber  i tself .  I t  will be  seen  f r o m  cross  sec t ions  B a n d  
C t h a t  t h e  space  u n d e r  t h e  n e r v e  in t h e  c e n t e r  well  was  
open,  t h a t  is, f i l led o n l y  w i t h  sea  wa te r .  T h e  f loor  of 
t h i s  space  was  f o r m e d  b y  t h e  q u a r t z  w i n d o w  in  t h e  b a s e  
block,  t h r o u g h  w h i c h  t h e  e n t i r e  l e n g t h  of t h e  f iber  in  t h e  
cen te r  well  (0.6 m m  across)  cou ld  be  i r r a d i a t e d  f r o m  
u n d e r n e a t h .  

The  c i rcu i t  for  s t i m u l a t i n g  a n d  r e c o r d i n g  is t h a t  s h o w n  
in F igu re  2. A Gras s  s t i m u l a t o r  p r o v i d e d  m o n o p h a s i c  
s q u a r e  w a v e  impu l se s  of 0.5 ms  d u r a t i o n  a t  a f r e q u e n c y  
of 10/s. T h e  i n t e n s i t y  of  t h e  s h o c k  cou ld  be  read ,  in  re la -  
t ive  values ,  f r om a g r a d u a t e d  p o t e n t i o m e t e r ,  F o r  pro-  
t e c t i on  of t he  nerve ,  a r e s i s t a n c e  of 470 kf2 a n d  c a p a c i t y  
of 0.01 F*[ were  p l a c e d  in  ser ies  ac ross  t h e  s t i m u l a t i n g  
electrodes.  A n o t h e r  c a p a c i t y  a n d  res i s t ance ,  200 kD a n d  
100 pf, (RC = 20 #s) cou ld  be  s w i t c h e d  i n to  t h e  r eco rd -  
ing  c i rcu i t  for o b t a i n i n g  " d i f f e r e n t i a t e d  a c t i o n  p o t e n -  
t i a l s "  on  t h e  osc i l lograph.  V a r i a b l e s  m e a s u r e d  d u r i n g  
a n y  g iven  e x p e r i m e n t  were  t h r e s h o l d ,  h e i g h t  of t h e  sp ike ,  
and ,  f rom the  " d i f f e r e n t i a t e d  a c t i o n  p o t e n t i a l " ,  t h e  r a t e  
of r ise  of t h e  spike.  
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Fig. 2.--Diagram of stimulating and recording circuit. Square waves 
from Grass stimulator (right); recordings over de Gruyter pre-ampli- 

tier and Dmnont double-beanl cathode ray oscillograph (left). 

R a d i a t i o n  of • = 265 m/~ was  o b t a i n e d  b y  d o u b l e  
m o n o c h r o m a t i o n  of r a d i a t i o n  f rom a Ph i l i p s  h i g h  pres-  
sure  m e r c u r y  arc.  T h e  m o n o c h r o m a t o r  u sed  h a s  b e e n  
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described by  v. MURALT and STJiMPFLI 5, and the tech- 
nique for focussing the beam on the desired region of the 
nerve by HOPPE and v. MURALT ~. 
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Fig. 3.--Changes in threshold of single crab neuron with irradiation. 
Nerve presumably stimulated in nnirradiated zone. 

After the nerve was mounted on the bridge in position 
to be irradiated,  the variables to be measured were 
checked at  intervals for 20-30 rain to ensure tha t  the 
fiber was in good condition, and then the irradiat ion was 
s tar ted and allowed to continue to the end of the experi- 
ment. The nerve was s t imulated only for brief periods 
every 2 rain when the readings were taken. 
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Fig. 4.--Changes in (A) threshold, (B) spike height, (C) rate-of-rise 
of action potential of single crab neuron with irradiation. Nerve 
presumably stimulated in irradiated zone. 

Two types of results were encountered, one when using 
the bridge as described and the other  after a slight modi- 
fication of the technique. In  the one case, i l lustrated in 
Figure 3, the threshold decreased slightly, then decreas- 
ed markedly during a period of "over-exci tabi l i ty" ,  and 
finally rose sharply unti l  the fiber became inexitable. 
This type of curve is very similar to tha t  found both by 
HUTTON-RUDOLPH and BOOTH el al. ~ when irradiat ing 
the internode of a myelinated fiber. Since the current  

densi ty of the stimulus shock is greatest  where the fiber 
enters the channel between wells, it is possible tha t  in 
this type of exper iment  the fiber is not being stimulated 
in the i rradiated region at all, bu t  inside the channel 
where it  is shielded by the perspex floor. The decrease in 
threshold can be ascribed to a part ial  depolarization due 
to in jury potentials  from the i r radiated region. When 
the injury potentials become of sufficient magnitude,  the 
resting potent ial  is eventual ly  reduced to the point  where 
the fiber becomes inexitable. In these final stages the 
threshold rises steeply. 

The second type of result  encountered is shown in 
Figure 4. In these experiments,  the wails of the channels 
were coated with a fairly thick insulating layer of vase- 
line, so the fiber would be s t imulated in an irradiated 
region in the open center  well rather  than  in the chan- 
nels. Tha t  this vaseline coat  effectively raised the resist- 
ance in the channels is evidenced by the fact  t ha t  the 
ou tpu t  of the s t imulator  required to reach threshold was 
reduced by a factor of 20 from the preceding experi- 
ment.  Here  we see that ,  with the onset of irradiation, 
the threshold rises while the height  and rate-of-rise of the 
action potent ial  decreases all 3 parameters  leveling off at 
new values and remaining fairly constant  for several hours. 
I t  is probable in this case tha t  the irradiated side of the 
fiber has been inac t iva t ed ,  while the unirradiated side 
has remained relat ively intact,  the results of the damage 
only part ial ly affecting the electrical characteristics as 
measured. Unilateral  damage of this type  is not  surpris- 
ing in view of the fact  that ,  at  }~ = 265 rap, the extinc- 
tion of this type  of fiber is about  37 . In  other  words, the 
intensi ty at  the surface away from the source is only 
x/~ 0 of 1% of tha t  impinging on the exposed surface. The 
possibility t ha t  the unexposed surface remains excitable 
would further  suggest that ,  in the first type  of result, the 
final steep rise in threshold was due to causes other  than 
the irradiation. 

I t  will be noted tha t  these experiments ran for times 
of 1-3 h, whereas the work on myel inated fibers at this 
wavelength involves radiat ion t imes of the ,order of 
10 rain. Fur ther  experiments  with unmyel inated  fibers 
should include (1) an ar rangement  for exposing the sur- 
face to irradiation from all sides and (2) assurance that 
the stimulus is applied and the readings are made in the 
irradiated zone of the fiber. 

JOHN S. COOK s 

Physiologisches Institut, "Hallerianum", Bern, June 
15, 1956. 

Zusammen/assung 

Die marMosen Nerven-Einzelfasern yon Carcinus 
maenas wurden mit  monochromat ischem Ultraviolett  
bestrahlt .  Zuerst t r i t t  bet Bestrahlung ein langsamer 
Abfall der Reizschwelle, dann ein rascher Abfall, gefolgt 
yon einem steilen Anstieg auf. Der Abfall rt ihrt  yon einer 
Depolarisation her, deren Zunahme dann zu Unerregbar- 
keit  fiihrt. Durch Verbesserung der Ab[eitungstechnik 
konnten die elektrischen Ver~nderungen lokalisiert an 
der bestrahlten Stelle gemessen werden. Anstieg der 
Reizschwelle, Abfall der Steilheit  und Abfall der HShe 
des Spitzenpotentials  wurden auch bet diesen marklosen 
Fasern beobachtet ,  aber nicht  so ausgepritgt wie bet der 
Bestrahlung markhal t iger  Fasern. 

5 A. v. MURALT and R. ST.KMPFLI, Helv. physiol. Acta 11, 189 
0953). 

6 W. HOPPE and A. v. ]~IURALT, Helv. physiol. Acta 12, C54 (1954). 

7 I-I. BAMMER (personal communication), 
s Present Address: Department ot Physiology, New York Uni- 

versity, Medical College, New York. 


