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o u t p u t  t h a n  the  h e a r t  ra te .  For  example ,  be t w een  J u n e  
and  N o v e m b e r  1970, ca rd iac  o u t p u t  increased  b y  69%,  
s t roke  v o l u m e  b y  53%, b u t  h e a r t  r a t e  b y  on ly  12%. 
Ar t e r i a l  b lood pressure,  on t he  o the r  h a n d ,  d id  no t  
coincide w i t h  the  seasonal  v a r i a t i o n s  of card iac  o u t p u t  
(Figure  2). Thus ,  t he  changes  of ca rd iac  o u t p u t  were  
c o m p e n s a t e d  b y  reversa l  changes  of pe r iphe ra l  res is tance.  

W h a t  is the  cause  of these  seasonal  v a r i a t i o n s  ? Cardiac  
o u t p u t  is m a i n l y  r egu la ted  b y  t he  b lood d e m a n d s  of 
p e r i p h e r a l  t issues% Exerc i se  and  m o t i l i t y  on  t he  one 
h a n d ,  t h e r m a l  r egu la t ion  on t he  o the r  h a n d  are t h e  m o s t  
i m p o r t a n t  fac tors  d e m a n d i n g  a h igher  body-b lood  supply.  
B o t h  can  be exc luded  as causes  of t he  v a r i a t i o n s  in 
card iac  o u t p u t  seen in our  expe r imen t s .  Fi rs t ly ,  t he  
ca rd iovascu la r  i nves t iga t ions  were done  in ane s the t i z ed  
ra t s  wh ich  were  n o t  able  to move.  Secondly,  t he  r a t s  were 
housed  a t  a c o n s t a n t  e n v i r o n m e n t a l  t e m p e r a t u r e  of 23 ~ 
before t he  exper imen t s ,  and  b o d y  t e m p e r a t u r e  was k e p t  
a t  36.5 ~ d u r i n g  t he  exper imen t s .  

W e  suppose  t h a t  t he  t h y r o i d  g land  is i nvo lved  in 
seasonal  v a r i a t i o n s  of cardiac  ou t pu t .  I t  was  shown  7 t h a t  
t he  t h y r o i d  g land  of r a t s  is a t  a h igher  level  of a c t i v i t y  
du r ing  t h e  w in te r  t h a n  d u r i n g  t he  s u m m e r  season. These  
changes  occurred  even  t h o u g h  t he  an i m a l s  were ma in -  
t a i n e d  u n d e r  cond i t ions  of c o n s t a n t  t e m p e r a t u r e  (22 to  
25 ~ a n d  l ight.  Seasona l  v a r i a t i o n s  in t hy r o i d  func t ion  
(higher  s e rum t h y r o x i n e  levels du r ing  t h e  w i n t e r  pe r iod  
t h a n  d u r i n g  t he  s u m m e r  period) were also seen in new-bo rn  
ch i ld ren  s. T h y r o i d  h o r m o n e s  increase  t he  me tabo l i c  r a t e  
a n d  moreove r  h a v e  a d i rec t  pos i t ive  ino t rop ic  and  

ch rono t rop i c  effect  on t he  h e a r t  9-~1. B o t h  ac t ions  are  
capab le  of increas ing  card iac  ou tpu t .  

Since card iac  ou tpu t ,  h e a r t  ra te ,  s t roke  volume,  a n d  
pe r iphe ra l  res i s tance  of r a t s  are  sub jec t  to  seasonal  va r i a -  
t ions,  resul t s  o b t a i n e d  a t  d i f fe ren t  t imes  of the  yea r  c a n n o t  
be  compared .  Therefore ,  ca rd iovascu Ia r  research  in r a t s  
a lways  requires  s i m u l t a n e o u s  con t ro l  exper iments .  

Summary. Card iac  o u t p u t  of r a t s  shows seasonal  va r i a -  
t ions  w i t h  low va lues  in  spr ing  and  s u m m e r  a n d  h igh  ones  
in  a u t u m n  and  win ter .  The  s t roke  vo lume  was m u c h  
more  imp l i ca t ed  in these  changes  t h a n  t he  h e a r t  ra te .  
The  seasonal  changes  of card iac  o u t p u t  are p r o b a b l y  due  
to changes  of t h y r o i d  func t ion .  
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E f f e c t  o f  F u r o s e m i d e  o n  t h e  P e r m e a b i l i t y  t o  CI o f  t h e  I s o l a t e d  S k i n  o f  Leptodactylus ocellatus 

F u r o s e m i d e  is k n o w n  to  be  a p o t e n t  i n h i b i t o r  of ac t ive  
chlor ide  t r a n s p o r t  in  t he  epi thel ia .  Ev idence  of th i s  effect  
was  p r o v i d e d  b y  t he  abo l i t ion  of the  p o t e n t i a l  difference 
(PD) (posi t ive  inside) in  t he  t h i c k  ascend ing  l imb  of 
Hen le ' s  loop per fused  w i t h  ch lo r ide -con ta in ing  so lu t ions  1, 
a n d  b y  t h e  decrease  in sho r t  c i rcui t  c u r r e n t  (SCC) in t he  
frog co rnea  which  on ly  t r a n s p o r t s  C1-3. More  recent ly ,  
fu rosemide  was  found  to  decrease  CI-  in f lux  in selected,  
low vol tage ,  shor t - c i r cu i t ed  skins  of t he  E u r o p e a n  Rana 
temporaria 3. SinEe in t h i s  p r e p a r a t i o n  CI- inf lux  s l igh t ly  
excedes  C1- efflux, t h e  resu l t s  were t h o u g h t  to  r e p r e s e n t  
a specific i n h i b i t o r y  effect  on ac t ive  CI- t r a n s p o r t .  

The  poss ib i l i ty  of add i t i ona l  effect  of fu rosemide  on  pas-  
sive C1 m o v e m e n t s  is sti l l  con t rove r s i a l  a n d  largely  sup-  
p o r t e d  b y  ind i r ec t  ev idence  : 1. Accord ing  to  BURG et  al. 1 
fu rosemide  inh ib i t s  pass ive  CI- inf lux  in to  t h e  l u m e n  of 
t h e  pe r fused  ascend ing  l imb  more  t h a n  can  be  accoun ted  
for  b y  changes  in P D ;  2. EIGLER et  al. 4 r epo r t ed  t h a t  
fu rosemide  increases  t he  P D  of t he  t o a d  skin  w i t h  l i t t le  
change  in t h e  SCC wh ich  was cons idered  to be  i nd i r ec t  
ev idence  of decreased  p e r m e a b i l i t y  to  anions .  C o n t r a s t i n g  
w i t h  t he se  f indings ,  LOTE3 repor t ed  t h a t  fu rosemide  has  
no effect  on  pass ive  CI- eff lux in t he  skin  of Rana tem- 
poraria. I t  is possible  t h a t  t h i s  d i s c r epancy  is due to low 
p e r m e a b i l i t y  to  CI- of t h e  p r e p a r a t i o n s  used in those  
s tudies .  

The  a i m  of t h i s  s t u d y  was  to i nves t i ga t e  t he  effect  of 
fu rosemide  on  pass ive  C1 f luxes in a p r e p a r a t i o n  wh ich  is 
h igh ly  p e r m e a b l e  to  C1. Fo r  th i s  purpose  the  i so la ted  skin  
of t h e  S o u t h  A m e r i c a n  frog (Leptodactylus ocellatus) was 
chosen  because  i ts  ac t ive  a n d  pass ive  C1 f luxes are 10 
t imes  f a s t e r  t h a n  those  of Rana temporaria, a n d  pass ive  
C1 effluxes 10 t imes  fas te r  t h a n  pass ive  N a  fluxes 5,6. I n  
t h i s  respec t  i t  compare s  f a v o r a b l y  w i th  t he  t h i c k  a scend ing  

l imb  where  t he  r a t io  be tween  t he  2 pass ive  f luxes  is on ly  
0.57. Also t he  poss ib i l i ty  of e l im ina t i ng  electr ical  g rad ien t s  
b y  shor t - c i r cu i t ing  t h e  i so la ted  skin  m a k e s  i t  possible  to  
de t ec t  p e r m e a b i l i t y  changes  w i t h o u t  a n y  cor rec t ion  for  
P D  changes .  

The  resu l t s  ind ica te  t h a t ,  in  add i t i on  to i ts  k n o w n  
i n h i b i t o r y  effect  on ac t ive  C1 t r a n s p o r t ,  furosemide  also 
decreases  pass ive  C1 f luxes  in  t h e  isola ted skin  of Lepto- 
dactylus ocellatus. E x t e n s i o n  of th i s  effect  to  the  t h i n  
ascend ing  l imb  of Hen le ' s  loop m a y  bea r  some re la t ion-  
ship  to  t h e  n a t r i u r e t i c  p roper t i e s  of t he  drug.  

Methods. The  i so la ted  a b d o m i n a l  skins  of Leptodactylus 
ocellatus were used in all expe r imen t s .  Af te r  d issect ion 
t he  Skins were m o u n t e d  in luci te  c h a m b e r s  as descr ibed  
b y  USSlNG and  ZERAHN 8 cover ing  3.14 cm 2 of skin.  B o t h  
c h a m b e r s  were filled w i th  5 m l  of R i n g e r  solut ion (NaC1 
115.5 m M ;  N a H C O  3 2.4 m M ;  KC1 2.0 m M  and  Ca 
g lucona te  1.0 m M )  a n d  b u b b l e d  w i th  air.  P D  was m e a s u r e d  
t h r o u g h  a g a r - R i n g e r  br idges  a n d  ca lomel  e lectrodes  w i t h  
a Ke i th l ey  200 B e l ec t rome te r  a n d  t h e  SCC w i t h  t h e  
e x t e r n a l  c i rcui t  descr ibed  b y  USSlNG a n d  ZERHAN s. 
Tissue  c o n d u c t a n c e  was ca lcu la ted  as SCC/PD. 
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Chloride ion fluxes. I n f l u x  a n d  e f f l u x  of  C1- we re  
m e a s u r e d  in  d i f f e r e n t  s k i n s .  N o  a t t e m p t  to  u s e  h a l v e s  of  
t h e  s a m e  s k i n  for  s i m u l t a n e o u s  d e t e r m i n a t i o n s  w a s  
m a d e ,  o w i n g  t o  t h e  l a r g e  d i f f e r e n c e  in  e l e c t r i c a l  p a r a -  
m e t e r s  o b s e r v e d  in  p i e c e s  o f  t h e  s a m e  sk i n .  36C1 w a s  
p l a c e d  o n  t h e  a p p r o p r i a t e  s i de  o f  t h e  sk i n ,  1 m l  s a m p l e s  
we re  d r a w n  f r o m  t h e  co ld  s ide  a t  15 m i n  i n t e r v a l s  a n d  t h e  
v o l u m e  k e p t  c o n s t a n t  b y  a d d i t i o n  of  n o n - r a d i o a c t i v e  
s o l u t i o n .  I n  e a c h  e x p e r i m e n t ,  t h e  c h l o r i d e  f l u x  w a s  
m e a s u r e d  d u r i n g  8 p e r i o d s  in  t h e  s h o r t  c i r c u i t  c o n d i t i o n ,  
e x c e p t  w h e n  t h e  c i r c u i t  w a s  o p e n e d  for  2 sec  a t  t h e  e n d  of  
e a c h  p e r i o d  for  P D  m e a s u r e m e n t s .  F u r o s e m i d e  w a s  a d d e d  
to  t h e  s o l u t i o n  b a t h i n g  t h e  e x t e r n a l  s ide  of  t h e  s k i n  u n t i l  
a f i na l  c o n c e n t r a t i o n  of  10 -a M a t  t h e  e n d  of  t h e  4 t h  
i n t e r v a l .  T h e  r a d i o a c t i v e  s a m p l e s  we re  a d d e d  t o  10 m l  of  
d i o x a n e - n a p h t h a l e n e  m i x t u r e  a n d  c o u n t e d  in  a l iqu id  
s c i n t i l l a t i o n  c o u n t e r .  Spec i f i c  a c t i v i t y  o f  c h l o r i d e  o n  t h e  
' h o t '  s ide  w a s  d e t e r m i n e d  a n d  t h e  u n i d i r e c t i o n a l  f l u x  
c a l c u l a t e d  in  t e r m s  of  ~zEq. h -~ �9 c m  -2. 
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Fig. 1. Changes in potential difference (PI)) and short-circuit current 
(SCC). of the skirt of Leptodactylus ocellatus produced by addition of 
furosemide (F) l0 3 M to the solution bathing the externaI side. 
Values are means ~ S1s of 13 to 16 ohservations. Only significant 
differences are shown. 
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Fig. 2. Percent changes in C1 influx and efflux of the sldn of Lepto- 
dactylus ocellatus produced by addition of furosemide (F) 10 -4 M to 
the solution bathing the external side. Values are means • SE of 6 
and 7 experiments respectively. Significance of changes (p) and 
significance of differences between influx and efflux changes (p*) 
are show[l. 

Results. Control values. M e a n  v a l u e s  o f  SCC a n d  P D  
w e r e  59.1 =k 10.7 b~A c m  2 (n = 16) a n d  16.2 • 3.8 m V  
(n = 14). C a l c u l a t e d  c o n d u c t a n c e  w a s  4 .56  • 0.55 m h o  �9 
c m  -2 �9 10 .3 (n = 14). C h l o r i d e  i n f l u x  a n d  e f f l u x  v a l u e s  
w e r e  3 .54  :k 1.35 (n = 6) a n d  3.71 ~ 0 .54  (n  = 7) btEq. 
h -1 �9 c m  -2. A l t h o u g h  t h e s e  v a l u e s  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t ,  t h i s  d o e s  n o t  r u l e  o u t  a c t i v e  c h l o r i d e  t r a n s p o r t ,  
s i n c e  i n f l u x  a n d  e f f l u x  m e a s u r e m e n t s  we re  m a d e  o n  
d i f f e r e n t  s k i n s .  

E//ect o/ /urosemide. W i t h i n  2 m i n  a f t e r  a d d i n g  
f u r o s e m i d e  to  t h e  e x t e r n a l  s o l u t i o n ,  t h e  SCC i n c r e a s e d  
17.1 b~A c m  -2 a n d  P D  32.9 m V  ( F i g u r e  1). D u r i n g  t h e  
s u b s e q u e n t  h o u r  SCC r e t u r n e d  t o  c o n t r o l  v a l u e s  w h i l e  
P D  s t a b i l i z e d  a t  a l eve l  w h i c h  w a s  t w i c e  a s  h i g h  a s  c o n t r o l  
v a l u e s .  T i s s u e  c o n d u c t a n c e  d e c r e a s e d  w i t h i n  t h e  f i r s t  2 
m i n  b y  2.96 i 0.5 (n = 6); p < 0.005) a n d  r e m a i n e d  
b e t w e e n  2.29 a n d  2.71 m h o  �9 c m  -~ �9 10 .3 d u r i n g  t h e  r e s t  
of  t h e  e x p e r i m e n t .  C h l o r i d e  i n f l u x  c o n t i n u o u s l y  d r o p p e d  
t i l l  t h e  e n d  of  t h e  e x p e r i m e n t .  B y  a v e r a g i n g  t h e  v a l u e s  
o b t a i n e d  d u r i n g  t h e  1s t  h a t  15 m i n  i n t e r v a l ,  a m e a n  
d e c r e a s e  o f  - - 2 . 3 0  ~ 0.42 a E q  �9 h 1 . c m  2 w a s  o b s e r v e d ,  
r e p r e s e n t i n g  a 64.6 ~ 4 . 9 8 %  i n h i b i t i o n  (p < 0.001).  
C h l o r i d e  e f f l u x  a l so  s i g n i f i c a n t l y  d r o p p e d ,  r e a c h i n g  a 
m i n i m u m  a t  30 m i n .  D u r i n g  t h e  s u b s e q u e n t  30 r a i n  i t  
s t a b i l i z e d  a t  a l eve l  o f  2 .10 • a E q  - h -~ �9 c m  -~ ( F i g u r e  2). 
T h e  m e a n  1 h d e c r e a s e  in  c h l o r i d e  e f f l u x  p r o d u c e d  b y  
f u r o s e m i d e  w a s  --  1.66 :k 0 .29 ~xEq �9 h -1 �9 c m - 2  r e p r e s e n t i n g  
a 37.2 ~= 13.8 i n h i b i t i o n  (p < 0.001),  w h i c h  is s i g n i f i c a n t l y  
l o w e r  t h a n  t h e  i n f l u x  i n h i b i t i o n  (p < 0.005).  

Discussion. T h e  r e s u l t s  i n d i c a t e  t h a t  f u r o s e m i d e  (10 -3 
M )  a d d e d  to  t h e  e x t e r n a l  s ide  of  t h e  s k i n  s i m u l t a n e o u l s y  
i n c r e a s e s  SCC a n d  P D ,  d e c r e a s e s  t h e  c o n d u c t a n c e  of  t h e  
t i s s u e  a n d  i n h i b i t s  b o t h  C1 i n f l u x  a n d  e f f lux .  S ince  C1 
i n f l u x  w a s  i n h i b i t e d  t o  a g r e a t e r  e x t e n t  t h a n  C1 e f f l u x ,  
i t  is r e a s o n a b l e  t o  c o n c l u d e  t h a t  f u r o s e m i d e  n o t  o n l y  
d e c r e a s e d  t h e  p e r m e a b i l i t y  of  t h e  s k i n  t o  C1 b u t  a lso  
i n h i b i t e d  a c t i v e  CI-  t r a n s p o r t .  

T h e  i n c r e a s e  in  SCC m a y  be  d u e  e i t h e r  to  s t i m u l a t i o n  
of a c t i v e  N a  t r a n s p o r t  a n d / o r  i n h i b i t i o n  of  a c t i v e  C1 
t r a n s p o r t .  D u r i n g  t h e  f i r s t  15 m i n  of m a x i m a l  f u r o s e m i d e  
s t i m u l a t i o n ,  CI -  i n f l u x  w a s  i n h i b i t e d  b y  1.67 ~xEq �9 h 1 . 
c m  2 a n d  CI~ e f f l n x  b y  1.0 ~xEq �9 h -~ �9 c m  --2, r e s u l t i n g  in a 
n e t  f l u x  i n h i b i t i o n  of  0.67 tzEq . h -a �9 c m  2. T h i s  w o u l d  
c o r r e s p o n d  t o  a SCC s t i m u l a t i o n  of 18 FA �9 c m  -2 w h i c h  is 
v e r y  c lose  to  t i le  p e a k  v a l u e  of  17.1 tzA �9 c m  -2 f o u n d  
e x p e r i m e n t a l l y  2 m i n  a f t e r  f u r o s e m i d e  a d m i n i s t r a t i o n .  
T h i s  f i n d i n g  c e r t a i n l y  does  n o t  e x c l u d e  t h e  p o s s i b i l i t y  of  a 
t r a n s i e n t  s t i m u l a t i n g  e f f ec t  of  f u r o s e m i d e  o n  N a  + 
t r a n s p o r t  b u t  s u g g e s t s  t h a t  i t s  m a i n  a c t i o n  w a s  t h e  i n h i b i -  
t i o n  of  a c t i v e  a n d  p a s s i v e  C1- m o v e m e n t s .  F u r t h e r  
s t e a d y  d e c l i n e  of SCC in  t h e  p r e s e n c e  of  c o n t i n u o u s l y  
i n h i b i t e d  C1- f l u x e s  p r e c l u d e d  t h i s  t y p e  of  c a l c u l a t i o n  a t  
l a t e r  s t a g e s .  

I n  c o n c l u s i o n ,  f u r o s e m i d e  w a s  s h o w n  to  m a r k e d l y  
d e c r e a s e  p a s s i v e  C1 m o v e m e n t s  in  t h e  s k i n  of  Leptodac- 
tylus ocellatus. T h i s  f i n d i n g  m a y  h a v e  p h a r m a c o l o g i c a l  
i m p l i c a t i o n s .  I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  n a t r i u r e t i c  
p r o p e r t i e s  of  t h e  d r u g  c a n  be  a c c o u n t e d  for  b y  t h e  i n h i b i -  
t i o n  of  a n  a c t i v e  C1 t r a n s p o r t  in  t h e  t h i c k  a s c e n d i n g  l i m b  
of  H e n l e ' s  l oop  t. H o w e v e r ,  in  s p i t e  of  t h e  f a c t  t h a t  o u a -  
b a i n  c o m p l e t e l y  i n h i b i t e d  t h i s  a c t i v e  p r o c e s s  in  t h e  p e r -  
f u s e d  t h i c k  a s c e n d i n g  l i m b ,  fu l l  i n h i b i t o r y  d o s e s  o f  t h e  
d r u g  i n f u s e d  i n t o  t i l e  r e n a l  a r t e r y  in  v i v o  f a i l ed  t o  p r e -  
v e n t  t h e  n a t r i u r e t i c  r e s p o n s e  t o  f u r o s e m i d e  9. T h i s  f a c t  
m a d e  i t  n e c e s s a r y  t o  p o s t u l a t e  a d d i t i o n a l  m e c h a n i s m s ,  

9 L. M. 1.0PEZ REGUEIRA, A. RONCORONI, N. YEYATI and IVl. 1". 
VILLAMIL, Medicina, B. Aires ,72, 771 (1972). - Abstract. Acta 
physiol, latinoam., in press. 
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and i t  is possible t h a t  permeabi l i ty  changes p lay  a role. 
I t  has been shown recent ly  t h a t  the  th in  ascending l imb of 
Henle ' s  loop lacks any  ac t ive  t ranspor t  mechan ism bu t  
has a select ive high permeabi l i ty  to C1. As a result,  NaC1 
difuses f rom the lumen  of this tubu la r  segment  to the  
in te r s t i t ium following its concent ra t ion  grad ien t  and a 
hypotonic  tubu la r  fluid is thus  created by  pure  physical  
forces1~ Inhib i t ion  of these passive m o v e m e n t s  by  furo- 

10 M. IMAI and J. P. KOKKO, J. clin. Invest. 53, 393 (1974). 
11 This paper was presented at the Annual Meeting of the Argentine 

Society for Clinical Research, Mar del Plata, November 1974. 
Abstract in lV[edicina, B. Aires 34, 19 (1974). 

1~ From the Centro de Investigaciones M6dieas Alberto Einstein, 
Buenos Aires, Argentina. 

la The authors are greatly indebted to the s tudent  fellow Ms. ALDA 
TUFR6 for her expert collaboration. 

semide would be expected to contribute to its natri- 
uretic effect. This possibility, which still awaits experi- 
mental verification, certainly merits investigation ~. 

Summary Furosemide added to the Ringer solution 
ba th ing  the  externa l  side of the isolated skin of Lepto- 
dac ty lus  ocellatus i n c r e a s e d  t h e  P D  a n d  SCC a n d  i n h i b i t e d  
b o t h  a c t i v e  c h l o r i d e  i n f l u x  a n d  p a s s i v e  c h l o r i d e  e f f lux .  
T h e  a c t i o n  on  c h l o r i d e  p e r m e a b i l i t y  is t h o u g h t  t o  c o n -  
t r i b u t e  t o  t h e  d i u r e t i c  e f f ec t  o f  t h e  d r u g .  

R .  MONTOREANO, C. A.  RABITO 12 
and M. F. VILLAMIL 13 

Cdteclra de Biofisica and lnstituto de Investigaciones 
Cardioldgicas, Faculty o[ Medicine o] Buenos Aires, 
Paraguay 2155, Buenos Aires (Argentina), 5 June 1975. 

I n c r e a s e d  S e n s i t i v i t y  to  P e n t o b a r b i t a l  in  R a t s  F e d  

I t  has been shown t h a t  feeding rats a diet  lacking 
f lavonoids gives rise to cerebral  oedema t, due to the  in- 
creased permeabi l i ty  of the  blood-brain-barr ier  2. Similar- 
ly, i t  has been demons t ra ted  t h a t  the i r  deficiency in the  
diet  grea t ly  increases l ymphoedema  of the  face and neck 
af ter  cervical  lympha t i c  obst ruct ion a. In  rats  fed a diet  
lacking f lavonoids (which had supp lementa ry  v i t amin  C) 
definite fine s t ructura l  a l terat ions were found in blood 
capillaries and tissues. These were qui te  different  f rom 
those repor ted  in C-avitaminosis4. 

Composition of the flavonoid-free diet (for 100 kg) 

Isolated soya protein 22.96 kg 
Maize starch 33.62 kg 
Saccharose .10.00 kg 
Soya oil 3.97 kg 
Cellulose powder 5.16 kg 
"Hostalen PP"  1.86 kg 

CaCO 3 13.70 g 
CaHPO 4 2831.20 g 
NaC1 457.30 g 
K2SO 4 1113.00 g 
MgO 90.30 g 
Ferrous fumarate 34.00 g 
MnO 6.40 g 
CuSO 4 1.30 g 
ZnO 7.60 g 
NaMoO 4 0.025 g 
KJ 0.650 g 
NaF 0.11 g 

Vitamin A 5.20 g 
D z 0.25 g 
E 1.00 g 
K 3 5.30 g 
B 1 5.00 g 
B 2 5.00 g 
B 6 7.00 g 
B12 24.00 g 

Panthotheuic acid 10.0 g 
Nicotinic acid 10.0 g 
Folio acid 2.5 g 
Biotin 5.0 g 
Inosite 10.0 g 
Vitamin C 25.0 g 
Choline 100.0 g 
Methionine 384.0 g 
Lysine 120.0 g 

a D i e t  L a c k i n g  F l a v o n o i d s  

I n  t h e  c o u r s e  of  t h e s e  s t u d i e s ,  i t  h a s  b e e n  o b s e r v e d  t h a t  
r a t s  f ed  a d i e t  l a c k i n g  f l a v o n o i d s  w h e n  a n e s t h e t i z e d  w i t h  
p e n t o b a r b i t a l  s o d i u m 5  s l e p t  l o n g e r  t h a n  t h o s e  f ed  a n o r -  
m a l  d ie t .  T h e  p r e s e n t  p a p e r  d e a l s  w i t h  t h i s  p h e n o m e n o n .  

M a t e r i a l s  a n d  methods .  I n  D e c e m b e r  1974, P e n t o b a r b i -  
t a l  - i n d u c e d  s l e e p i n g  t i m e  w a s  e s t i m a t e d  in  10 ~ S p r a g u e -  
D a w l e y  r a t s  ( b o d y  w e i g h t  470 • 18 g) f ed  for  118 d a y s  a 
d i e t  l a c k i n g  f l a v o n o i d s  e (Table)  a n d  in  10 ~ r a t s  of  t h e  
s a m e  spec i e s  ( b o d y  w e i g h t  415 -4- 9 g) f ed  a n o r m a l  d i e t  
( H e r i l a n  | R M  204). P e n t o b a r b i t a l  s o d i u m 5 0  m g / k g  w a s  
i n j e c t e d  i .p.  T h e  i n t e r v a l  e l a p s i n g  u n t i l  t h e  a n i m a l ,  l y i n g  
o n  h i s  b a c k ,  w a s  a b l e  to  h o l d  i t s  h e a d  u p  w a s  r e g a r d e d  as  
s l e e p i n g  t i m e .  

I n  J u n e  1975, t h e  s a m e  s t u d y  w a s  p e r f o r m e d ,  u s i n g  
16 ~ S p r a g u e - D a w l e y  r a t s  ( b o d y  w e i g h t  480 d2 36 g) f ed  
for  160 d a y s  t h e  d i e t  l a c k i n g  f l a v o n o i d s  a n d  16 ~ r a t s  
( b o d y  w e i g h t  462 4- 13) of  t h e  s a m e  spec i e s  f ed  F le r i l an  * 
R / M  204. S t a t i s t i c a l  a n a l y s i s  w a s  p e r f o r m e d  b y  t h e  t - t e s t  7. 

Resul t s .  I n  t h e  s t u d y  p e r f o r m e d  in  w i n t e r ,  s l e e p i n g  t i m e  
in  c o n t r o l  r a t s  a m o u n t e d  to  4487  4- 777 ~, in  r a t s  f ed  t h e  
d i e t  l a c k i n g  f l a v o n o i d s  6386 4- 859". T h e  d i f f e r e n c e  is 
h i g h l y  s i g n i f i c a n t  (p < 0.0001).  I n  t h e  s t u d y  p e r f o r m e d  
in  s u m m e r ,  c o n t r o l  r a t s  s l e p t  4247  4- 1192 ~, r a t s  f ed  t h e  
d i e t  l a c k i n g  f l a v o n o i d s  5539 4- 1239'2 T h i s  d i f f e r e n c e  is 
a lso  h i g h l y  s i g n i f i c a n t  (p < 0.005).  

Discus s ion .  Since  BENTs2{TH, RUSZNYAK a n d  SZENT- 
GY6RGYI s f i r s t  d e s c r i b e d  v i t a m i n  P,  i t  h a s  b e e n  t h e  s u b -  
j e c t  of  c o n s i d e r a b l e  d e b a t e  9. T h e  r e s u l t s  d e s c r i b e d  in  t h i s  

1 S. BENKO, M. GABOR, T. VARKONYI, A. ANTAL and M. FOLDI, 
Physiol. Chem. Phys. 2, 110 (1970). 

2 T .  VARKON-YI, A. AIgTAL, M. GABOR and S. BENKS, Experientia 27, 
936 (1971). 

3 E. F6LDI-B6RcS6K and M. F/JLDI, Am. J. clin. Nutr. 26, 185 (1973). 
4 J, R, CASLEY-SMITH, E. F/SLDI-B6ReSSK and M. F6LDI, Am. J. 

clin. Nutr.,  in press. 
5 Nembuta l*  (Abbott). 
6 We express our gratitude to Dr. GUTSI, Zentralinstitut ffir Ver- 

suchstierzucht, Hannover-Linden, West Germany, for the pre- 
paration of this diet. 

7 Statistical analysis was perforuled by Dr. I. WEINMANN, D-332 
Salzgitter 51, Germany. 

8 A. BENTS~TH, ST. RUSZNY~K and A. SZENT-GY(iRGYI, Nature, 
Lond. 738, 798 (1936). 

9 W. G. CLARK and E. M. MACKAY, J. Am. reed. Ass. 74,3, 1411 (t950). 


