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C o n t r a c t i o n  of  F r o g  S t o m a c h  Musc l e  and Heart  
In N o n - I o n i c  So lu t ions  

F r o g  s t o m a c h  m u s c l e  f r e q u e n t l y  w a s h e d  w i t h  half-  
i so ton ic  ( 0 . 1 1 2 M )  s o l u t i o n  o f  sucrose ,  c o n t i n u e s  to  con-  
t r a c t  s p o n t a n e o u s l y  for  24 h a t  25 -30°Ct -S ;  these  con-  
t r a c t i o n s  a r e  a c c o m p a n i e d  b y  c o n d u c t e d  ac t ion  p o t e n -  
t ia ls  4-L F r o g  h e a r t  p e r f u s e d  w i t h  ha l f - i so tonic  so lu t ion  of  
sucrose  c o n t r a c t s  s p o n t a n e o u s l y  for  a b o u t  2-7 h a t  18-  
20°C a n d  s h o w s  c o n d u c t e d  ac t ion  po ten t ia l sT- t s ;  a t  a 
h i g h e r  t e m p e r a t u r e  i t  p a s s e s  i n to  a con t r ac tu r e .  In  t h e  
p r e s e n t  r e s e a r c h ,  e x p e r i m e n t s  h a v e  been  p e r f o r m e d  to  
s t u d y  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  s p o n t a n e o u s  co n t r ac -  
t i ons  o f  f rog  s t o m a c h  m u s c l e  a n d  h e a r t  a n d  t h e i r  s o d i um 
c o n t e n t .  

Methods. T h e s e  e x p e r i m e n t s  were  p e r f o r m e d  on  the  
s t o m a c h  m u s c l e  a n d  h e a r t  of  t h e  f rog Rana tigrina. Frogs  
w e i g h i n g  a b o u t  300 g were  p i t h e d  a n d  the i r  s t o m a c h s  
r e m o v e d .  T h e  s t o m a c h  w a s  c u t  long i tud ina l ly  a t  t he  
g r e a t e r  c u r v a t u r e  a n d  t h e  m u c o u s  m e m b r a n e  r emoved ,  
I t  w a s  f i r s t  w a s h e d  w i t h  R i n g e r  so lu t ion ,  and  t h e n  sus-  
p e n d e d  in  100 m l  o f  ha l f - i so ton ic  (0 .112M) solu t ion  of  
sucrose ,  w h i c h  w a s  r e n e w e d  e v e r y  15 min .  The  mechan ica l  
a c t i v i t y  w a s  r e c o r d e d  w i t h  a n  i so ton ic  lever.  T h e  h e a r t  

after being taken out was perfused continuously with 
half-isotonic solution of sucrose using a Symes cannula. 
Its contractions were recorded with an isotonic lever. 

The tissues were removed, dried on filter paper, 
weighed and ashed at 580"C. Sodium and potassium 
were estimated by flame photometer. 

Results. When washed frequently, or when per/used 
with half-isotonic solution of sucrose, both frog stomach 
muscle and heart lose 90% of their sodium in tho first 
15 rain, and are sodium-freo in 30-60 rain (Tab!o I, II). 
BOZLER l also found that, in the frog stomach muscle, 
sodium is completely washed out by isotonic solution of 
sucrose in 1 h. 

Spontaneous contractions in the frog heart, perfused 
with half-isotonic solution of sucrose, develop when it 
contains no sodium and stop when the heart is again per- 
fused  w i t h  i so tonic  or  ha l f - i s c ton ic  s o d i u m  c h l o r i d e  o r  
Ringer solution, thus incre,xsing its sodium content (Fig. 
1). The spontaneous contractions of frog stomach muscle 
also develop when it is free of sodium, and are bigger than 
in Ringer solution; they stop when the muscle is re- 
immersed in Ringer solution and its sodium content is 
increased (Fig. 2). 

Table I. Effect of perfusion with 0.112M sucrose on the sodium 
and potassium content of frog heart 

Time No. of Sodium Potassium 
of per- hearts 
fusion per- mM/kg of % of mM/kg of % of 
(min) fused wet muscle that in wet muscle that in 

fresh fresh 
heart heart 

0 6 24.8 4- 0.76 
15 6 2.8 -4- 0.16 
30 6 0.06 4- 0.0018 
45 6 Not calculable, 

less than 0.05 
60 6 Not calculable, 

less than 0.05 
120 6 Not calculable, 

less than 0.05 

100 72.1 4- 3.19 100 
11 28.5 ± 1.1 40 
0.026 21.5 4- 0.44 30 
- 21.2 4- 0.46 29 

16.1 + 0,39 22 

17.1 4- 0.45 24 

Table II. Effect of washing every 15 min with 0.112M sucrose solu- 
tion on the sodium and potassium content of frog stomach muscle 

Time No. of Sodium Potassium 
of experi- 
wash- ments mM/kg of % of mM/kgof % of 
ing wet tissue that in wet tissue that in 
(min) fresh fresh 

tissue tissue 

0 6 53.5 ± 1.4 100 69.8 ± 1.9 100 
15 6 5.8 ~ 0.26 10.9 53.7 ± 2.0 76.9 
30 6 1.3 -4- 0.12 2.4 38.9 -4- 1.4 55,6 
45 6 0.17 -4- 0.28 0.3 36.1 -4- 2.1 51,6 
60 6 Not calculable, - 35.4 -/- 1.9 50,6 

less than 0.05 
90 6 Not calculable, - 33.8 4- 1.4 49.3 

less than 0.05 
120 6 Not calculable, - 30.1 + 1.8 43.0 

less than 0.05 
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Fig. 1. Effect of pcrfusion with half-i~tonic, 0 . II2M, ltolution of 
s u c r e  on the ~ l i u m  ~n t en t  and magnitude nf the s ~ n t a n ~ u s  

contractions of fn)g heart, 
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Discussion. I t  has been argued by  BRADY 14 t h a t  the  
electr ical  and mechanica l  ac t iv i ty  of f log hear t  in sucrose 
solutions is due to re ten t ion  of abou t  10% sod ium in in ter-  
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Fig. 2. Effect of washing every 15 min with half-isotonic, 0.112M, 
solution of sucrose on the sodium content and magnitude of the 

spontaneous contractions of frog stomach muscle. 

spaces. This  a rgumen t  is un tenable  as there  is no correla- 
t ion be tween  mechanica l  a c t i v i t y  of frog s tomach  muscle 
and its sodium content .  E lec t r ica l  and mechan ica l  activity 
in these  tissues cont inue  when t h e y  con ta in  no sodium; 
in fact  the  more  thorough ly  the  sod ium is washed out, 
t he  be t t e r  i ts mechanica l  ac t iv i ty .  Thus  the  electr ical  and 
mechan ica l  a c t i v i t y  of frog s tomach  and hear t  could not 
be  due to re ten t ion  of sodium in t he  in terspace;  sodium is 
ac tua l ly  deleter ious to such ac t i v i t y  a f te r  these tissues 
have  become accl imat ized  to sucrose. The  ionic hypothesis 
of HODGK~N and HUXLEY 15 is thus  no t  appl icable  to  these 
tissues le. 

Zusammenlassung. Herz  und  Magenmusku la tu r  des 
Frosches  ver l ieren in ha lb- i so toner  Rohrzucker l6sung in- 
ne r t  1 h alles Na t r ium.  T r o t z d e m  ble ib t  die spontane 
Kont rak t i l i t / i t  erhal ten.  N a t r i u m  ist  also fiir die Erregbar- 
ke i t  dieser Muskeln n ich t  Voraussetzung.  
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The  P h o s p h o l i p i d s  of the T o b a c c o  H o r n w o r m ,  

Protoparce sexta J o h a n .  
(Lepidoptera;  Sph ing idae )  1,z 

Studies  8,4 of the  phosphol ipids  of lepidopterous  insects 
have  shown phosphorylchol ine  and phosphory le thanol -  
amine  to be incorpora ted  into the  phosphol ipids  of Celerio 
euphorbiae. In  Arctia caia moths  5 the  pr incipal  phospho-  
lipids are phospha t idy lchol ine  and phospha t idy le thano l  
amine  wi th  only smal l  amoun t s  of o ther  phospholipids.  

I n  this  s t udy  of the  hornworm,  Protoparce sexta, the  
phosphol ipids  of f i f th  ins tar  la rvae  and adul ts  were chro- 
ma tog raphed  on silicic acid as described previously% 
Phosphorus  de te rmina t ions  7 showed two a symmet r i ca l  
peaks.  The  fract ions compris ing the  peaks (I and II)  and 
the  t ra i l ing  areas behind t h e m  (Ia and I Ia)  were  pooled 
and  the  fol lowing analyses  carr ied ou t :  esterified f a t t y  
acid s, p lasmalogens  9, e t h a n o l a m i n O  U, serine ~0, choline/1, 
and an unknown  amino  compound  ~0. Qua l i t a t ive  tests  
for inosi tol  xz and  spingosine x3,14 were carr ied ou t  (Table). 
These  results  indica te  t h a t  b o t h  peaks are  mix tu res  of  
phospholipids .  The  ma jo r  c o m p o n e n t  of the  first  peak  is 
phospha t idy le thano lamine  and  the  second, phospha t idy l -  
choline.  Serine con ta in ing  phosphol ipids  are  present  in 
only  smal l  amounts ,  and ne i ther  inosi tol  no r  spingosine 
could be  de tec ted  in acid  hydrolysa tes .  P lasmalogens  
form only  a smal l  p a r t  of  t he  phosphol ipids  of  t he  adul ts  
(peak I) and  are  a lmos t  absen t  f rom the  larva.  

The  u n k n o w n  amino  c o m p o u n d  is seen on pape r  chro-  
m a t o g r a m s  of phosphol ip id  hydrolys is  products .  I n  v iew 
of the  h igh  level  of  free amino  acids in insects ~ and  the  

abi l i ty  of phosphol ipids  to solubilize wa te r  soluble com- 
pounds  in l ipid solvents  1~, i t  appeared  necessary to 
ident i fy  this compound  and to  establ ish t h a t  i t  was part 
of a l ipid molecule.  The  compound  corresponds to alanine 
when  ch roma tog raphed  on paper  in the  following sol. 
ven t s :  m e t h y l  e thyl  ke tone -me thy l  cellosolve-acetic acid. 

1 Supported in part by a grant from the US Public Health Service, 
A10-04464. 

* Contribution from the Entomology Department, North Carolina 
Agricultural Experimental Station, Raleigh. Published with ap. 
proval of the Director of Research, Paper No. 1795 of the Journal 
Series. 
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