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being found.  The l a t en t  per iod  for the  res is tance decrease 
was  4.04-0.6 sec and  for t he  increase of the  venous  out-  
f l o w -  9.14-1.5 sec. Dis tens ion  of the  r igh t  ventr ic le  caused  
the  res is tance  decrease (by 13.34-4.7% on the  average) in 
all 7 exper iments .  The venous  outf low increased in mos t  
of these  expe r imen t s  (5 out  of 7) by  8.34-1.6% on the  
average.  In  t he  o the r  2 expe r imen t s  no changes  of t he  
venous  out f low were observed.  The l a t en t  per iod for t he  
response  of the  res is tance  vessels (3.54-0.7 sec) was  
shor te r  t h a n  t h a t  for t he  increase of the  venous  out f low 
(11.64-2.2 sec) b o t h  in expe r imen t s  w i th  the  r igh t  ven-  
tricle d is tens ion and  those  wi th  the  s t re tch ing  of t he  r igh t  
a t r ium.  The d is tens ion  of t he  r igh t  ventr ic le  resul ted  in a 
s l ight ly  grea ter  increase of t he  venous  out f low and  less 
p ronounced  res is tance  decrease as compared  wi th  t he  
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Fig. 1. Decrease of vascular resistance and increase of the venous out- 
flow in a hindquarter preparation after distension of the right atrium 
(I) and ventricle (II). Designations: R, changes of vascular resistance 
in percent to a control; C, changes of the venous outflow in percent to 
a control. 

d is tens ion  of the  r igh t  a t r ium.  However ,  the  difference 
found  was no t  s ta t i s t ica l ly  significant .  

The d is tens ion  of the  left  hea r t  chamber s  (5 animals)  
caused  di la t ion of t he  res is tance  and  capaci tance  vessels 
(Figure 2). As a resul t  Of the  s t r e tch ing  of the  left  a t r ium,  
the  vascular  r e s i s t a rce  and  the  venous  outf low were 
shown to decrease by  11.84-1.7% and 4.34-0.7% respect -  
ively. The l a t en t  per iod for the  responses  of the  res is tance  
vessels  (1.94-0.3 sec) was m u c h  shor te r  t h a n  t h a t  for t he  
shif ts  of the  venous  out f low (11.34-3.3 sec). A dis tens ion  
of t he  left  ventr ic le  induced  the  same vasomoto r  responses,  
the  vascular  res is tance  being decreased by  6.54-0.9% and  
the  venous  out f low (in 5 expe r imen t s  of 6) by  2.9 4- 0.6%. 
In  one of the  expe r imen t s  the  venous  out f low remained  un- 
changed.  The la ten t  per iod  for the  responses  of the  resist-  
ance vessels was 2.74-0.6 sec and t h a t  for the  venous  out-  
flow changes  was 4.44-1.8 sec. The quan t i t a t i ve  difference 
be tween  the  responses  of t he  res is tance  and capac i tance  
vessels nduced  by  the  d i s t en t ion  of the  !eft hear t  chamber s  
was s ta t i s t ica l ly  insignif icant .  

Thus,  the  expe r imen t s  pe r fo rmed  showed the  s t imula-  
t ion  of any  hea r t  ch amb e r  to  be followed by  ident ica l  
responses  (dilatation) of t he  res is tance  vessels while the  
responses  of the  capac i tance  vessels were found to depend  
on the  site of the  s t imula t ion  of t he  cardiac r ecep to ry  
zones. The vasomoto r  responses  resul t ing f rom the  d is ten-  
sion of t he  r igh t  chamber s  were  more  pronounced  t h a n  
those  elici ted f rom the  lef t  chambers .  The  exper imen t s  
failed to  reveal  closer re la t ionship  be tween  the  left  hea r t  
r ecep to r s  and  the  res is tance  vessels on one hand  and  be- 
tween  the  r igh t  hea r t  receptors  and  the  capac i tance  
vessels on the  o the r  hand .  

Conclusion. The d is tens ion  of the  bypassed  r igh t  h e a r t  
in a h i n d q u a r t e r  p repa ra t ion  elicited a d i la ta t ion of t he  
res is tance  vessels and  mos t ly  the  cons t r ic t ion  of the  
capac i tance  vessels (di la ta t ion of the  capaci tance  vessels 
was no t  observed  in th is  series of exper iments ) .  The dis- 
tens ion  of the  left  hea r t  chambers  in the  same experi-  
men ta l  condi t ions  resul ted  in di la t ion of bo th  res is tance  
and  capac i tance  vessels. 

Z -Z 

-4 -4 

6 -6 
8 -8 

-I0 10 
-" -IZ 
R { 

I 
I U 

Fig. 2. Decrease of vascular resistance and venous outflow in the hind- 
quarter preparation induced by distension of the left atrium (I) and 
ventricle (II). Designations are the same as in Figure 1. 

BbIB0)lbL PaCT~eHHe KaMep npaBofi IIOJIOBHHbl cepnua B 
yCJIOBI, IflX ee reMo)lHHaMHqecKo~ H30.TI~IIIHH BbI3bIBaeT ~II4~a- 
TaIIHIO pe3HCTHBHblX cocy)lOB npenapaTa 3a)lHHX KOHeqHocTe.H 
H B ~0J'IbUIHHCTBe c J I y q a e n  KOHCTpHKI~HIO eMKOCTHblX c0cy~IOB 
3TOH 06J~aCTH (RHJIaTauHH eMK0CTHblX c0cy)10B B 3TOM c~yqae 
He Ha6~maanocb). PaCT~eHHe KaMep neBofi H0YIOBHHbI cepnua 
B aHa~0rHqHblX yCg]0BH~X 0HbITOB Be)leT K ~InJIaTaunn KaK 
pe3HCTHBHblX, TaK n eMKOCTHblX cocy)10B HpenapaTa 3a)lHl4X 
KOHeqH0CTe~. 
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E i n f l u s s  de s  l u f t e l e k t r i s c h e n  F e l d e s  a u f  d a s  H a u t - P o t e n t i a l  y o n  Rana esculenta  

Bei der F r o s c h b a u c h h a u t  liegt ein M e m b r a n s y s t e m  vor, 
das  aus zwei Sch ich ten  bes teh t .  Von  aussen nach  innen  
f inder  m a n  als ers te  Membransch i ch t  das  S t r a t u m  co rneum 
und  das S t r a t u m  germina t ivum.  Die zweite Membran -  
schicht  wird  v o m  Corium gebildet .  Die erste  Membran -  

sch ich t  ist  ftir Na t r ium-  und  Ka l iumionen  eine Diffusions- 
strecke.  Durch  den zwei ten Tell des Memb ran s y s t ems  wer- 
den Na t r i umionen  ak t iv  t r anspor t i e r t .  Der  Kal iumionen-  
t r a n s p o r t  erfolgt  hier n ich t  durch  ak t iven  Transpor t ,  son- 
de rn  durch  einfache Diffusion.  Auf dieses M e m b r a n s y s t e m  
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wirk t  s t / indig ein lu f te lek t r i sches  Fe ld  ein. D u t c h  dieses 
lu f t e lek t r i sche  Fe ld  wurde  eine S tof fwechse ls te igerung  bei  
In sek ten ,  F ischen,  Rep t i l i en  u n d  Kle ins~ugern  nachge-  
wiesen 1, 3. E b e n s o  k a n n  eine S te ige rung  der  Ak t iv i t / i t  bei  
M/iusen u n d  V6ge ln  b e o b a c h t e t  werden.  ]3ei W a h l v e r h a l -  
t e n s u n t e r s u c h u n g e n  zeigt  s ich eine Z u n a h m e  der  Fe ldbe-  
v o r z u g u n g  m i t  s t e igender  H 6 h e r e n t w i c k l u n g  de r  Tiere.  
K 6 N m  u n d  ANKERM/.)LLER ~ zeigen, dass  die R e a k t i o n s -  
ze i ten  bei  V e r s u c h s p e r s o n e n  u n t e r  E inf luss  nat f i r l ic t ler  
e lek t r i scher  S c h w i n g u n g e n  der  F r e q u e n z  9-10 Hz  kfirzer  
s ind als bei  S c h w i n g u n g e n  y o n  2-6  Hz. Diese lben  Ergeb -  
nisse f i nde t  m a n  bei  k i ins t l i ch  e rzeug ten  S c h w i n g u n g e n  
dieser  F requenz .  Neue  U n t e r s u c h u n g e n  des Mine ra lhaus -  
ha l t e s  in  Abh/gngigkei t  yon  lu f t e l ek t r i schen  Einf l i i ssen  
lassen den  Schluss  zu, dass  a u c h  Einf luss  auf  die biologi-  
schen  M e m b r a n s y s t e m e  vor l iegt .  D e s h a l b  e r fo lg ten  h ie r  
U n t e r s u c h u n g e n  lu l t e l ek t r i s che r  E i n w i r k u n g  auf  Mem-  
b r a n p o t e n t i a l e .  Bei  den  Messungen  der  P o t e n t i a l e  a n  der  
B a u c h h a u t  yon  Rana esculenta erfolgte  eine genaue  Un-  
t e r s u c h u n g  de r  Gr6sse der  Po t en t i a ld i f f e r enz  i n n e n / a u s -  
sen u n t e r  E inf luss  eines Rech teck impu l s f e ldes  der  Fre-  
quenz  10 H z  im Verg le ich  m i t  N o r m a l b e d i n g u n g e n  u n d  
u n t e r  fe ldfre ien B e d i n g u n g e n  ( F a r a d a y ' s c h e  Absch i r -  
mung) .  

Methoden. Zur  D u r c h f i i h r u n g  der  U n t e r s u c h u n g e n  wur-  
den  W i n t e r f r 6 s c h e  in PVC-K~f ige  gebrach t ,  die m i t  130- 
den-  u n d  D e c k e n e l e k t r o d e n  v e r s e h e n  werden.  I m  e r s t en  
K/~fig w a r e n  die Versuchs t i e re  den  na t f i r l i chen  lu f te lek t r i -  
schen  F e l d e r n  ausgese tz t  (Norma lbed ingungen) .  K~fig  
zwei u n d  drei  w a r e n  a b g e s c h i r m t  u n d  d a m i t  feldfrei.  Der  
d r i t t e  KAfig w u r d e  d a n n  e inem Rech t eck i m pu l s f e l d  de r  
F r e q u e n z  10 Hz  ausgesetz t .  Die F e l d s t A r k e  b e t r u g  e twa  
300 V/m.  D a m i t  e rgab  sich, dass  K/~fig zwei feldlos war  
u n d  dass  in  KAfig drei  das  Fe ld  w i r k s a m  war.  Die K~tfige 
m i t  den  Ve r suchs t i e r en  w u r d e n  in e inem k l i m a t i s i e r t e n  
R a u m  in e iner  G l a s w a n n e  m i t  I l i essendem Le i tungswasse r  
yon  12-14~ geha l t en .  Die L u f t t e m p e r a t u r  b e t r u g  e twa  
18~ (Figur  t ) .  

Die Verwe i ldaue r  der  Ver suchs t i e r e  u n t e r  den  dre i  Be- 
d i n g u n g e n  b e t r u g  j eweils 168 S tunden .  N a c h  der  E i n w i r k -  
zei t  erfolgte  die solor t ige  D e k a p i t a t i o n ,  d ie  Z e r s t 6 r u n g  des 
R i i c k e n m a r k e s  d u r c h  A u s b o h r e n  u n d  eine v o r s i c h t i g e  
Pr /~para t ion  de r  B a u c h h a u t .  Sie wurde  u n m i t t e l b a r  in  
die M e s s a p p a r a t u r  e ingespann t .  Sie b e s t e h t  aus  e inem 
PVC-Socke l  m i t  e iner  Tr~gerle is te ,  auf  der  die r ing f6 rmige  
H a l t e v o r r i c h t u n g  beIes t ig t  ist. D a r e h  ihre  K o n s t r u k t i o n  
is t  ein ve r l e tzungs f re ies  A u s s p a n n e n  der  ] 3 a u c h h a u t  ge- 
w/~hrleistet.  Die  Po t en t i a ld i f f e r enz  zwischen i n n e n  u n d  
aussen  wi rd  f iber  u n p o l a r i s i e r b a r e  Z ink /Z inksu l f a t e l ek t ro -  

den  abgegr i f fen  u n d  mi t t e l s  eines Ka thodens t r ah lo sz i l l o -  
g r a p h e n  reg i s t r i e r t  (Figur  2), 

Ergebnisse. Es w u r d e n  i n sgesamt  24 Versuche  durchge-  
ff ihrt ,  die sich gleichm/issig auf  die v o r g e n a n n t e n  drei  Be~ 
d i n g u n g e n  (Normal  - F a r a d a y  - 10 Hz) ve r t e i l en  (Tabelle).  

Statistische Absicherung der Ergebnisse. Die Bese t zung  
de r  e inze lnen  Versuchsk~f ige  m i t  d e m  V e r s u c h s g u t  er- 
fo lgt  n a c h  d e m  R a n d o m i s i e r u n g s v e r f a h r e n .  Die Messwert-  
r e ihen  der  U n t e r s u c h u n g s e r g e b n i s s e  a n  F r 6 s c h e n  in Nor-  
mal ,  F a r a d a y  u n d  im 10 H z - R e c h t e c k i m p u l s f e l d  s ind je- 
weils S t i c h p r o b e n  aus  G r u n d g e s a m t h e i t e n .  Die Signifi-  
k a n z  der  U n t e r s c h i e d e  zwischen den  M i t t e l w e r t e n  der  
M e m b r a n p o t e n t i a l e  wurde  n a c h  d e m  t-Test  e rmi t t e l t ,  die 
p - W e r t e  s ind angegeben  als px-F~ (Norma l -Fa raday ) ,  
PFa-10 az ( F a r a d a y - R e c h t e c k i m p u l s f e l d  10 Hz).  

Be i  den  gemessenen  P o t e n t i a l d i f f e r e n z e n  i n n e n / a u s s e n  
zeigte sich ein s t a r k e r  Abfa l l  des P o t e n t i a l s  yon  e twa  
23 m V  bei  ~Faradaytieren~> im Verg le ich  zu <~Normal- 
t i e ren  >>. Diese E r n i e d r i g u n g  des M e m b r a n p o t e n t i a l s  wurde  
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Fig. 2. Schaltschema der Messapparatur. E, Elektroden; KO, 
Kathodenstrahloszillograph; H,ringf6rmige Halterung; M, Membran; 
ST, Sockel mit Tr~igerleiste. 

1 G. ALTMANN, Umschau 8, 242 (1969). 
G. ALTMANN, Arch. Met. Geophys. Bioklim. 17, 269 (1969). 

3 H. K6NIG und F. ANKERMOLLER, Naturwissenschaften d7, 486 
(1960). 

nati~rliches lufteLektrische! Fetd 

Fig. 1. Schematische Darstellung des Versuchsaufbaus. 

Ergebnisse der Potentialdifferenzmessungen an der Bauchhaut von 
Rana esculenta inncn/aussen in mV 

Normal Faraday 10 Hz 

94 62 82 
88 68 76 
87 67 78 
90 64 75 
85 70 76 
92 66 80 
94 66 74 
88 69 83 

= 89,75 ~ = 66,50 ~ = 78,00 
p = 0 , 0 1  p =  0,01 
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bei  a b g e s c h i r m t e n  T ie ren  m i t  au fgese t z t em 10 H z - R e c h t -  
eck impuls fe ld  gr6ss ten te i l s  kompens ie r t .  D a  die P o t e n t i a l -  
d i f ferenz i n n e n / a u s s e n  auf  e iner  un t e r s ch i ed l i chen  Ionen-  
v e r t e i l u n g  b e r u h t ,  muss  also das  e lek t r i sche  Fe ld  e inen  
Einf luss  auf  das  M e m b r a n s y s t e m  bezi igl ich der  Ionen-  
p e r m e a b i l i t ~ t  h a b e n .  

Revers ib le  S t r u k t u r u m w a n d l u n g e n  a n  b io logischen  
M e m b r a n e n  werden  neue rd ings  l ebha f t  d i sku t i e r t 4 -L  Da-  
bei  wird  a l lgemein  a n g e n o m m e n ,  dass  d u r c h  N n d e r u n g  
eines ~iusseren P a r a m e t e r s  - e inem S teue rungsprozess  ent -  
sp r echend  - S t r u k t u r u m w a n d l u n g e n  in den  M e m b r a n -  
s y s t e m e n  ausgel6s t  werden,  die zu F u n k t i o n s i i n d e r u n g e n  
a n  dense lben  f i ih ren  k6nnen .  

E x p e r i m e n t e l l e  A r b e i t e n  auf  diesen Geb ie t en  l iegen yon  
TASAKI 8 u n d  COHEN 9 vor.  Na t i i r l i ch  h a n d e l t  es sich h ie r  
u m  i iusserst  ve rwicke l t e  Bez iehungen ,  die in  ih re r  Gesamt -  
hei r  noch  n i c h t  giinzlich zu erfassen sind. M a n  muss  aber  
a n n e h m e n ,  dass  hier ,  besonders  wegen  a n d e r e n  b i sher  yon  
uns  noch  u n v e r 6 f f e n t l i c h t e n  E rgebn i s sen ,  bei  denen  u n t e r  
E inf luss  e lek t r i scher  Fe lde r  I o n e n v e r s c h i e b u n g e n  im B lu r  
q u a n t i t a t i v  e r fass t  wurden ,  ein wich t ige r  Schliissel zu den  
phys io log i schen  A u s w i r k u n g e n  der  lu f t e l ek t r i schen  Fe lde r  
liegt: 

Summary .  The  p o t e n t i a l  across t h e  skin  of R a n a  escu- 
lenta was r e m a r k a b l y  r educed  u n d e r  ' F a r a d a y  cond i t ions '  
in  c o m p a r i s o n  to  an ima l s  k e p t  u n d e r  ' n o r m a l  condi t ions ' .  
A pu l s a t i ng  electr ic  field (10 Hz) p rac t i ca l ly  abo l i shed  th i s  
effect. 

G. ALTMANN, G. ANDRES u n d  M. L~EHMAIR 

Zoologisches In s t i t u t  der Universi tdt  des Saarlandes,  
D-6600 Saarbri~cken (Deutschland), 12. Oktober 1971. 

4 j .  p. CHANGEUX, Proc. natn. Acad. Sci., USA 57, 335 (1967). 
s j .  p. CHANGEUX und T. PODLESKI, Proe. natn. Acad. Sci., USA 59, 

944 (1968). 
6 R. BLUMENTHAL, J. P. CHANGEUX und R. LEFEVER, J. Membrane 

Biol. 2, 351 (1970). 
7 T. L. HILL und Y. CHEN, Proc. natn. Acad. Sci., USA 65,1069 (1970). 

- 66, 189, 607 (1970). 
8 I. TASAKI und I, SINGER, in Biological Membranes (Ed. D. CHAPMAN ; 

Academic Press London, New York 1968), p. 347. 
9 L. B. COHEN, I~. D. KEYNES und B. HILLE, Nature, Lond. 218, 

438 (1968). 

R e c o v e r y  of I s o m e t r i c  T w i t c h e s  after Glycero l  R e m o v a l  

The  eff lux of glycerol  f rom frog ske le ta l  musc le  leads  to  
t he  d issoc ia t ion  of e x c i t a t i o n - c o n t r a c t i o n  (E-C) coupl ing  
caused  b y  d i sconnec t ion  of t r a n s v e r s e  t ubu l e s  f rom the  
surface  m e m b r a n e  1-5. A l t h o u g h  the re  are obs e r va t i ons  
a b o u t  t he  r eve r s ib i l i ty  of ce r t a in  morpholog ica l  3, 4, 6, 7 a n d  
physiological6,  9 changes  p roduced  b y  glycerol  removal ,  
no  s u b s t a n t i a l  r e s t o r a t i o n  of E-C coupl ing  ha s  been  ob- 
se rved  1, s, 9. 

This  c o m m u n i c a t i o n  descr ibes  t he  effect  of glycerol  on 
t w i t c h  response  of i so la ted  fas t  frog muscle  fibre.  W e  used 
110, 132, 165, 220, a n d  4 0 0 m M [ l  glycerol  ( R + G )  p r e p a r e d  
inr  o d i n a r y  R i n g e r  so lu t ion  (R). The  f ibre  was s t i m u l a t e d  
b y  single pulses  t h r o u g h  2 p l a t i n u m  p l a t e  e lec t rodes  
(30 X 5 ram) o r i en t ed  l ong i tud ina l l y  a n d  s epa ra t ed  b y  a 
d i s t ance  of 7 mm.  The  sg reng th  of s t imu lus  was usua l ly  
2-3 t imes  h i g h e r  t h a n  t h r e s h o l d  (about  20 V o n  t h e  elec- 
t rodes)  and  i ts  d u r a t i o n  was 0.2 msec. T h e  l e n g t h  of f ibre  
was a d j u s t e d  to  p roduce  m a x i m u m  t w i t c h  tens ion .  I t  was  
recorded  b y  m e a n s  of RCA-5734 t r a n s d u c e r  tube .  All ex- 
p e r i m e n t s  were  pe r fo rmed  i n  w in t e r  a t  18-23 ~ 

T w i t c h  t ens ion  changes ,  d u r i n g  t he  exposure  of muscle  
f ibre  to  glycerol,  were  s imi la r  to  changes  of f ibre  vo lume  
in R + G  4~ 11. T h e  t r e a t m e n t  w i t h  R + G  led for  t he  f i rs t  
1-2  ra in  to  t r a n s i e n t  decrease,  and  in t he  case of R + 4 0 0  G, 
even  to  d i s a p p e a r a n c e  of twi tches .  D u r i n g  t he  n e x t  30 ra in  
t h e  tw i t ches  r ecovered  t h e i r  in i t ia l  v a l u e  a n d  in 
165-400 m M  glycerol  su rpassed  i t  b y  2 0 - 4 0 %  (Figure 1). 

Af te r  a 0.5-2 h exposure  to  R + G ,  th i s  so lu t ion  was 
qu ick ly  c h a n g e d  for R. T he  p rocedure  led to  br ie f  po- 
t e n t i a t i o n  of t w i t c h e s  b y  2 0 - 7 0 %  a n d  t h e n  to  t he i r  de- 
crease a n d  d i s a p p e a r a n c e  (Figure 1). I n  t h e  case of 
165-400 m M  glycerol,  i somet r ic  tw i t ches  d i s appea red  in all 
f ibres  w i t h i n  1-3 min .  I n  t h e  case of 110-132 m M  glycerol, 
t h e  comple t e  d i sappea rence  of tw i t ches  was obse rved  on ly  
in 3 0 - 5 0 %  of f ibres.  

Glycerol  r e m o v a l  r e n d e r e d  t h e  muscle  fibres,  for some 
t ime ,  v e r y  suscep t ib le  to  m e c h a n i c a l  in jur ies  9. I n  m a n y  

f ibres  we obse rved  t h e  appea rence  of local r u p t u r e s  of 
sa rco lemma,  r e su l t i ng  l a t e r  on  in necrosis.  Such  in ju r ied  
f ibres  m a d e  up  20, 40 and  90% of all  f ibres a f t e r  wash ing  
ou t  165, 220 a n d  400 m M  glycerol,  r e spec t ive ly  (n = 18-40). 

I n  case of 110-220 m M  glycerol  r emova l ,  if t h e r e  was no 
in ju ry ,  we obse rved  p a r t i a l  or comple t e  r ecove ry  of 
twi tches .  I t  p roceeded  in a fol lowing way :  in  2-30 ra in  
a f t e r  d i sappea rence  of i somet r ic  twi tches ,  a single s t imulus  
b e g a n  to  e l ic i ta t  one or severa l  sp read ing  nodes  of con- 
t r ac t ion ,  each  be ing  100-200 mic rons  in l eng th .  These  
nodes  sp read  a long t h e  f ibre  w i t h o u t  v is ible  dec remen t ,  a t  
t h e  r a t e  a b o u t  3 mm/sec .  S u c h  k i n d  of con t r ac t i l e  re- 
sponse  could con t inue  f rom a few m i n u t e s  to  1-2 h 1~. At  a 
c e r t a i n  e x p e r i m e n t a l  stage,  t he  f ibre  b e g a n  to  r e spond  to 
e lec t r ica l  s t imu lus  b y  v e r y  weak,  fas t  m o v e m e n t ,  followed 
b y  sp read ing  nodes.  U n d e r  i sotonic  condi t ions ,  th i s  fas t  
m o v e m e n t  g radua l ly  increased  to  energe t ic  shor ten ing .  B y  
t h a t  t i m e  t he  nodes  d isappeared ,  b u t  as a rule  f ibre  sti l l  
fa i led or a l m o s t  fai led to p roduce  i sometr ic  twi tches .  
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