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Use  of the Iso lated Heart  of a Freshwater  Musse l  

(Anodonta cygnea L. )  for Bio log ica l  E s t i m a t i o n  

of 5 - h y d r o x y t r y p t a m i n e  

I t  h a s  b e e n  s h o w n  t h a t  5 - h y d r o x y t r y p t a m i n e  (sero- 
t on in )  2 ha s  a s t r o n g  s t i m u l a t o r y  in f luence  on  t h e  h e a r t  
of m a n y  mol lusc  species  (ERSPAMER a n d  GHIRETTI s, 
WELSH4). T h e  i so l a t ed  h e a r t  of c e r t a i n  m a r i n e  fo rms  
(Venus mercenaria, Buccinum) h a s  b e e n  m a d e  use  of for  
b i o a s s a y  of t h i s  s u b s t a n c e  (TWAROG a n d  PAGE 5,WELSH 6). 

I n  o rde r  t o  f ind  o u t  w h e t h e r  t h e  h e a r t  of t h e  c o m m o n  
f r e s h w a t e r  musse l ,  Anodonta cygnea, cou ld  be  of v a l u e  
as a t e s t  o r g a n  for  i d e n t i f i c a t i o n  a n d  e s t i m a t i o n  of 
5 - h y d r o x y t r y p t a m i n e  a n d  s imi l a r  s u b s t a n c e s ,  t h e  reac-  
t i o n  of t h e  Anodonta h e a r t  to  5 - h y d r o x y t r y p t a m i n e  a n d  
s o m e  o t h e r  s u b s t a n c e s  h a s  b e e n  Studied .  T h e  exper i -  
m e n t s  were  p e r f o r m e d  on i so l a t ed  v e n t r i c l e s  c o n t a i n i n g  
a s h o r t  p iece  of i n t e s t i n e .  T h e y  were  s u s p e n d e d  in a b a t h  
(vo lume  10 ml)  w h i c h  was  a e r a t e d .  I n  a c c o r d a n c e  w i t h  
PILGRIM 7, a m i x t u r e  of d i s t i l l ed  w a t e r  a n d  sea  w a t e r  
( sa l in i ty  30% 0) in  t h e  p r o p o r t i o n s  9 6 : 4  was  used  as t h e  
e n v i r o n m e n t a l  f lu id  s. T h e  A n o d o n t a  v e n t r i c l e  p r e p a r a -  
t ions ,  e i t h e r  i m m e d i a t e l y  or  a f t e r  a n  in i t i a l  s t a n d s t i l l  of 
v a r y i n g  d u r a t i o n ,  b e g a n  to  b e a t  w i t h  a s low e v e n  r h y t h m .  
G e n e r a l l y  t h e  i so l a t ed  v e n t r i c l e s  wou ld  c o n t i n u e  b e a t -  
ing  for  m o r e  t h a n  48 h. 

I t  was  o b s e r v e d  t h a t  5 - h y d r o x y t r y p t a m i n e ,  e v e n  in  
r a t h e r  low c o n c e n t r a t i o n s ,  causes  a m a r k e d  inc rease  in  
a m p l i t u d e  a n d  f r e q u e n c y  of i so l a t ed  Anodonta ven t r i c l e .  
T h e  t h r e s h o l d  c o n c e n t r a t i o n  s e e m e d  to  be a b o u t  10 -~ 
g m / m l .  T h e  i n o t r o p i c  r e s p o n s e  t o o k  p lace  i m m e d i a t e l y  
a f t e r  a d d i t i o n  of t h e  d r u g  a n d  cou ld  a l w a y s  be  r e p e a t e d  
w i t h  5 -8  ra in  i n t e r v a l s  a n d  c h a n g e  of s u s p e n s i o n  f luid.  
G r a d e d  r e sponses  were  o b t a i n e d  w i t h  c o n c e n t r a t i o n s  u p  
to  a b o u t  10 -~ g m / m l .  

P o s i t i v e  i n o t r o p i c  effects  were  also seen  a f t e r  di-  
h y d r o e r g o t a m i n e  (conc. 10-5), coca ine  (conc. 10-4), 
v a s o p r e s s i n  a n d  o x y t o c i n ,  b u t  t h e  a m p l i t u d e  inc rease  in 
t h e s e  cases was  s lower  a n d  less r e v e r s i b l e  t h a n  a f t e r  
5 - h y d r o x y t r y p t a m i n e .  

A d r e n a l i n e  a n d  n o r a d r e n a l i n e  in  h i g h  c o n c e n t r a t i o n s  
(10 -4 g m / m l )  h a v e  a s l i gh t ly  n e g a t i v e  i n o t r o p i c  effect ,  
b u t  w e a k e r  doses  s e e m e d  to  be  w i t h o u t  a n y  effect .  A f t e r  
t y r a m i n e ,  d o p a m i n e ,  s u b s t a n c e  P, h i s t a m i n e  or  a c e t y l -  
cho l ine  in v a r y i n g  c o n c e n t r a t i o n s ,  n o  d i s t i n c t  r e a c t i o n s  
were  seen.  H o w e v e r ,  TEN CATE a n d  ~EESINCK 9 h a v e  
o b s e r v e d  a n  i n h i b i t o r y  e f fec t  f r o m  a c e t y l c h o l i n e  in h i g h  
c o n c e n t r a t i o n .  

B e c a u s e  t h e  Anodonta v e n t r i c l e  is h i g h l y  s e n s i t i v e  to  
5 - h y d r o x y t r y p t a m i n e ,  b u t  r e l a t i v e l y  i n s e n s i t i v e  t o  a 
lo t  of o t h e r  p h y s i o l o g i c a l l y  a c t i v e  s u b s t a n c e s ,  t h i s  
p r e p a r a t i o n  o u g h t  to  b e  wel l  s u i t e d  for  t h e  b io logica l  
e s t i m a t i o n  of 5 - h y d r o x y t r y p t a m i n e .  

z Aided by a grant from the Kungl. Fysiogr. S/illsk., Lund. 
= Serotonin creatinine sulfate was provided by Abbott Labora- 

tories, Chicago. 
3 V. ERSPAMER and F. GNIRETTI, J. Physiol. 115, 470 (1951). 
4 j .  H. WELSH, Arch. exper. Path. Pharmakol. 219, 23 (1953); 

Nature 173, 955 (1954). 
a B. M. TWAROG and I. H. PAGE, Anler. J. Physiol. 175, 157 

(1958). 
6 j ,  H, WELSH, Nature 173, 955 (1954). 

R. L. C. PILGRXM, J:  Exper. Biol. 30, 297 (1953). 
8 According to PILGRIM the mixture ought to be buffered by 

M/400-NaHCO s. 
J. TE~¢ CATE and M. J. REESINCK, Physiol. Comp. Oeeolog. 3, 

337 (1954). 

A more  d e t a i l e d  a c c o u n t  of t h e  p r e s e n t  s tud ie s  will  be 
p u b l i s h e d  la te r .  

.R. FXNGE 

Department o/ Zoophysiology, University o/ Lund, 
September 25, 1954. 

Zusammen/assung 

Die  r h y t h m i s c h e n  K o n t r a k t i o n e n  des i so l i e r t en  Herz~ 
v e n t r i k e l s  yon  Anodonta w e r d e n  y o n  5 - H y d r o x y - T r y p t -  
a m i n  n i e d r i g e r  I ( o n z e n t r a t i o n  b e s c h l e u n i g t  u n d  ver-  
s t l i rk t .  A d r e n a l i n ,  N o r a d r e n a l i n ,  H i s t a m i n ,  Ace ty l -  
chol in ,  T y r a m i n  usw. w e s e n t l i c h  h 6 h e r e r  K o n z e n t r a -  
t i o n e n  h a b e n  k e i n e  ode r  n u r  ge r inge  W i r k u n g e n .  Das  
Anodonta-Herz-Priiparat s c h e i n t  d e s h a l b  ffir d e n  bio- 
l og i schen  N a c h w e i s  y o n  5 - H y d r o x y - T r y p t a m i n  (Sero- 
t o n i n ,  E n t e r a m i n )  gee igne t .  

P r o p a g a t i o n  of a Virus  of the E n c e p h a l o m y o c a r -  
dit is  Group in Rol ler  ~ u b e  Cultures  of M o u s e  

Tes t i cu lar  T i s s u e  

T h e  e n c e p h a l o m y o c a r d i t i s  g r o u p  of v i ruses  is c o m p o s e d  
of i m m u n o l o g i c a l l y  r e l a t e d  v i ruses  of C o l u m b i a - S K ,  
MM,  Mengo  e n c e p h a l o m y e l i t i s ,  a n d  e n c e p h a l o m y o c a r -  
d i t i s .  T h e s e  v i ruses  h a v e  b e e n  shown ,  f r o m  a n  ana ly s i s  of 
t h e i r  k n o w n  p h y s i c a l  a n d  b io logica l  p rope r t i e s ,  t o  be 
d i f f e r e n t  s t r a i n s  of a s ingle  v i ru s  1. The  r e c e n t  work  of 
VERLINDE et al. 2, sugges t s  t h e  pos s ib i l i t y  t h a t  a s igni-  
f i c a n t  r e l a t i o n s h i p  b e t w e e n  t h i s  g r o u p  of v i ruses  a n d  
p o l i o m y e l i t i s  m a y  occur  in  n a t u r e .  Th i s  r e p o r t d e a l s ' w i t h  
t h e  p r o p a g a t i o n  of M M  v i rus  in  ro l l e r  t u b e  c u l t u r e s  of 
m o u s e  t e s t i c u l a r  t i ssue.  
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Fig. 1.-Growth pattern of MM virus in roller tube cultures of mouse 
testicular tissuein lactalbumin hydrolysate medium. Inoculum LDs0 
of 0.03 inl of 10 -1"6, I.C. Mouse titrations of virus in fluids harvested 
from infected tissue cultures at 1 hour, 12 hours, 24 hours, 4 days, 

and 7 days. 

1 j .  WARREN, J. E. SMADEL, and S. B. Russ, J. Immunol. 62, 
387 (1949).- G. W. A. DICK, J. Immunol. 62, 375 (1949). 

2 j .  D. VEELINDE and J.  H. MOLRON, Antonie Van Leeuwenhoek 
20, 129 (1954). 
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The  s t r a i n  of v i rus  used was o b t a i n e d  f rom Dr.  
WERNER HENLE of t h e  C h i l d r e n ' s  H o s p i t a l ,  P h i l a d e l -  
ph ia ,  a n d  h a s  h a d  15 m o u s e  i n t r a c e r e b r a l  pa s sages  in  t h i s  
l a b o r a t o r y .  R o l l e r  t u b e  c u l t u r e s  were  p r e p a r e d  w i t h  
m i n c e d  t e s t e s  f r o m  5 - 1 2 - w e e k  old  Swiss w h i t e  mice  
f r e sh ly  k i l led  w i t h  e the r ,  b y  fo l lowing  e s s e n t i a l l y  t h e  
m e t h o d s  of CARREL 1 a n d  G ~ v  2. T w o  t y p e s  of c u l t u r e  
m e d i a  were  e m p l o y e d  : (a) 0.5 % l a c t a l b u m i n  h y d r o l y s a t e  
a n d  (b) a m e d i u m  c o n s i s t i n g  of 10% c h i c k  e m b r y o  
ju ice  (1 :1  m i n c e d  c h i c k  e m b r y o  a n d  b u f f e r e d  HANKS' 
so lu t ion) ,  1 0 %  i n a c t i v a t e d  ho r se  s e r u m ,  2 0 %  b o v i n e  
s e r u m  u l t r a f i l t r a t e ,  a n d  60 % b u f f e r e d  HANKS' so lu t ion .  
To e a c h  were  a d d e d  100 u n i t s  pen ic i l l in  a n d  100 /zg 
s t r e p t o m y c i n  pe r  mi l l i l i t e r  m e d i u m .  T h e  c u l t u r e s  were  
i n c u b a t e d  on  ro l l e r  m a c h i n e  (15 r e v o l u t i o n s  pe r  hour )  
a t  37°C, a n d  c o n f i r m e d  to  s h o w  good g r o w t h  of f ib ro-  
b l a s t s  be fore  i n o c u l a t i o n  w i t h  v i rus .  

A n  in i t i a l  se t  of 3 c u l t u r e  t u b e s ,  d e s i g n a t e d  T - I ,  was  
i n o c u l a t e d  w i t h  0.1 m l  of 10 -5 d i l u t i o n  of 1 0 %  b r a i n  
e m u l s i o n  f r o m  mice  t y p i c a l l y  i n f e c t e d  w i t h  M M  v i r u s  
b y  a n  i n t r a c e r e b r a l  r o u t e .  A f t e r  4 d a y s  f lu ids  f r o m  t h e  
t u b e s  were  poo led  a n d  0.1 m l  of 10 -~ of t h i s  f lu id  was  
i n o c u l a t e d  i n t o  e a c h  t u b e  of a s e c o n d  se t  of t h e  cu l tu re s .  
Success ive  t r a n s m i s s i o n s  in  t h i s  m a n n e r  were  ca r r i ed  
o u t  t h r o u g h  t he  10th t i s sue  pa s s age  (T-10). A m o u n t  of 
v i rus  in  e a c h  i n o c u l u m  wa s  d e t e r m i n e d  b y  i n t r a c e r e b r a l  
i n o c u l a t i o n  of 0-03 m l  of t e n - f o l d  se r ia l  d i l u t i o n s  of t h e  
v i r u s - c o n t a i n i n g  f lu id  i n t o  3-week o ld  Swiss  w h i t e  mice.  
T h e  5 0 %  l e t h a l  doses  were  c a l c u l a t e d  b y  t h e  m e t h o d  of  
REED a n d  ~/[UENCH 3. A t  t h e  l l  th t i s sue  c u l t u r e  passage ,  
t he  g r o w t h  p a t t e r n  of t h e  v i ru s  was  i n v e s t i g a t e d  (F ig . l ) .  
Samp le s  of f lu id  in  t h e  v i r u s - i n f e c t e d  t i s sue  c u l t u r e s  
were  t a k e n  o u t  a t  1 h,  12 h,  24 h,  4 days ,  a n d  7 d a y s  
r e s p e c t i v e l y  a f t e r  v i ru s  i n o c u l a t i o n ,  a n d  t i t r a t e d  i n t o  
Swiss w h i t e  mice  for  v i r a l  a c t i v i t i e s .  All  ]~nfected cul-  
t u r e s  were  c h e c k e d  da i ly  for  c h a r a c t e r i s t i c  c y t o n e c r o s i s  4 
b y  a mic roscope  w i t h  3 × ,  10 × ,  a n d  43 × ,  ob j ec t i ve s ,  
a n d  a 10 × e y e  piece.  

As c o n t r o l ,  s im i l a r  e x a m i n a t i o n s  were  m a d e  w i t h  
u n i n f e c t e d  t i s sue  cu l t u r e s .  All  f lu ids  h a r v e s t e d  were  
c o n f i r m e d  t o  c o n t a i n  no  b a c t e r i a  b y  c u l t u r i n g  on  t r y p -  
t o n e - s o y b e a n - y e a s t  e x t r a c t  a g a r  s l a n t s  for  7 d a y s  a t  
37°C. 

I n  o r d e r  t o  e n s u r e  t h a t  M M  v i r u s  was  a c t u a l l y  t r a n s -  
fe r red  b u t  n o t  a n o t h e r  v i r u s '  n e u t r a l i z a t i o n  t e s t s  w i t h  
i m m u n e  r a b b i t  s e r u m  were  p e r f o r m e d .  

I n  t h i s  s t u d y  a c a l c u l a t e d  f ina l  d i l u t i o n  of 4,89 X 10 -2¢ 
of t h e  o r ig ina l  i n f e c t e d  m o u s e  b r a i n  was  o b t a i n e d  a t  
T- f1 .  V i r u s  c o n t a i n i n g  f lu id  f r o m  t h e  e l e v e n t h  ser ia l  
t i s sue  p a s s a g e  was  c a p a b l e  of i n i t i a t i n g  i n f e c t i o n  in  
Swiss  w h i t e  mice  to  g ive  c h a r a c t e r i s t i c  s y m p t o m s  of  
p a r a l y s i s  a n d  d e a t h  a n d  a n  LDso of  10-*" 6. T h e  m a x i m u m  
d e g e n e r a t i o n  of i n f e c t e d  f i b r o b l a s t s  was  a t  5 d a y s  a f t e r  
v i rus  in fec t ion .  Al l  mice  i n o c u l a t e d  w i t h  f lu ids  f r o m  
u n i n f e c t e d  c u l t u r e s  ( con t ro l  cu l tu res )  s u r v i v e d .  

T h e  f i n d i n g s  in t h i s  s t u d y  c o m p a r e  f a v o r a b l y  w i t h  t h e  
resu l t s  o b t a i n e d  b y  SMITtt a n d  EVANS ~ in t h e i r  s t u d y  o n  
t he  p r o p a g a t i o n  of M M  v i r u s  in  m o n k e y  t e s t i c u l a r  t i s sue  
in ro l l e r  t u b e  cu l t u r e s ,  b u t  s eem b e t t e r  t h a n  t h e  r e su l t s  
o b t a i n e d  b y  CrIA~aBERS et al. 5, w h o  used  f l a sk  c u l t u r e s  
w i t h  m o u s e  t e s t i c u l a r  t i ssue .  B ecaus e  of t h e  eas iness  of 

1 R. C. PARKER, Methods o/tissue culture, 2 n¢ed. (P. B. Hocker 
Inc., New York, 1950). 

G. O. GEY, Amer. J. Cancer 17, 752 (1933). - G. O. GEY and 
M. K. GEV, Airier. J. Cancer 27, 45 (1936). 

3 L. J. REED, and H. MUENCH, Amer. J. Hyg. ~7, 493 (1938). 
4 W. M. SMITH and C. A. EVANS, J. Immunol. 7Z, 353 (1954}. 
5 V, C. C~AMBERS, W. M. S~trH, and C. A. EVANS, Proc. Soc. 

Exp. Biol. Med. 76, 213 (1951). 

g e t t i n g  t h e  m a t e r i a l  as  wel l  as t h e  c a p a c i t y  t o  s u p p o r t  
v i r a l  p r o p a g a t i o n  as  e v i d e n c e d  a b o v e ,  t h e  ro l l e r  t u b e  
c u l t u r e  m e t h o d  of m o u s e  t e s t i c u l a r  t i s sue  is v e r y  usefu l  
for  t h e  s t u d y  of M M  vi rus .  T h e s e  f i n d i n g s  e m p h a s i z e  
m o r e o v e r  t h a t  t h i s  n e u r o t r o p i c  v i ru s  p r o p a g a t e s  r e a d i l y  
in  e x t r a n e u r a l  t issue.  
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Zusammen/assung 
11 P a s s a g e n  yon  MM-Virus  d e r  E M C - G r u p p e  in 

M / t u s e t e s t i k e l - G e w e b e k u l t u r  w e r d e n  b e s c h r i e b e n .  Max i -  
m a l e  V i r u s t i t e r  yon  e t w a  10 -4 w u r d e n  e r r e i c h t ;  m a x i m a l e  
D e g e n e r a t i o n  der  in f i z ie r t en  F i b r o b l a s t e n k u l t u r e n  
w u r d e  n a c h  5 T a g e n  I n k u b a t i o n  b e o b a c h t e t .  

1 Present address: Department of Microbiology, University of 
Pennsylvania School of Mcdicine~ Philadelphia, Pa., U.S.A. 

T h e  P r e v e n t i o n  of  E x p e r i m e n t a l l y  Induced  
R e t i c u l o - S a r c o m a  by H y p o t h y r o i d i s m  

T h e  i n j e c t i o n  of t r y p a n  blue  in to  r a t s  p r o m o t e s  a h i g h  
inc idence  of  r e t i c u l o - s a r c o m a  i n v o l v i n g  t he  l i ve r  1, l y m p h  
n o d e s L  k i d n e y s  a n d  o t h e r  o r g a n s  a. I n  a l a rge  g r o u p  of  
a n i m a l s  some  15 to  18% fai led to  r e s p o n d  t o  t r y p a n  
b lue .  T h e  r e a s o n  for  t h i s  r e f r ac to r ines s  h a s  b e e n  t h e  
s u b j e c t  of ou r  enqu i ry .  

H y p o t h y r o i d i s m 4  as well  as i n a n i t i o n  ~ can  r e t a r d  t h e  
e m e r g e n c e  of h e p a t o c e l l u l a r  c a r c i n o m a  in r a t s  fed  
b u t t e r  ye l low a n d  c a n  also p r e v e n t  t h e  d e v e l o p m e n t  of  
p i t u i t a r y  t u m o u r s  in  r a t s  in  r e sponse  to  c h r o n i c  o e s t r o g e n  
s t i m u l a t i o n  *. W e  h a v e  also d e m o n s t r a t e d  t h a t  s e v e r e  
m a I n u t r i t i o n  c a n  a l m o s t  c o m p l e t e l y  s u p p r e s s  t h e  r e t i -  
culosis  i n d u c e d  b y  t r y p a n  blue,  an  o b s e r v a t i o n  w h i c h  
offers  a poss ib le  e x p l a n a t i o n  for t h e  dec rea sed  i n c i d e n c e  
of h u m a n  re t icu los i s  in  F r a n c e  r e p o r t e d  b y  CAZAL 7 
d u r i n g  W o r l d  W a r  I I .  I n  v iew of t h e  f ac t  t h a t  i n a n i t i o n  
depresses  b a s a l m e t a b o l i s m ,  t h e  poss ib i l i ty  t h u s  p r e s e n t e d  
i t se l f  t h a t  h y p o t h y r o i d i s m  would  also p r e v e n t  t h e  e m e r -  
gence  of t h e  r e t i c u l o - s a r c o m a  i n d u c e d  b y  t r y p a n  b lue .  

Experimental.  121 a d u l t  r a t s  weigt f ing b e t w e e n  250 
a n d  300 g were i n j ec t ed  s u b c u t a n e o u s l y  a t  f o r t n i g h t l y  
i n t e r v a l s  w i t h  1 c m  3 of 1% of a n  a q u e o u s  s o l u t i o n  of 
t r y p a n  b lue  (Grubler ) ,  T w e n t y  of t h e s e  r a t s  were  fed  
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