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i t  is poss ib le  to  see t h a t  a p p a r e n t l y  4 - iod ine -an t ipy r ine  
(I TM) gives a c c e p t a b l e  resu l t s  for t o t a l  b o d y  w a t e r  c o n t e n t .  
Howeve r ,  t h e  d i s t r i b u t i o n  of t h e  i n d i c a t o r  in  t i ssues  is 
u n e v e n  a n d  t he  w a t e r  c o n t e n t  d e t e r m i n e d  for each  o r g a n  
differs  wide ly  f rom t h e  resu l t s  of SOBER?fAN 1,8 w i t h  anti-" 
p y r i n e  a n d  PRENTICE e t  al.  1~ w i t h  t r i t i u m .  T he  r a t e  of 
d i s a p p e a r a n c e  of t h e  i n d i c a t o r  f rom t issues  is n o t  un i f o rm  
a n d  does  n o t  follow t h e  r a t e  of d i s a p p e a r a n c e  f rom p lasma .  

Discussion. These  resu l t s  s u s t a i n  t h e  ea r ly  sugges t ion  
of SULLIVAN a n d  ROSE n t h a t  4 - i od ine -an t i py r ine  (I TM) is 
n o t  a su i t ab l e  i n d i c a t o r  for  t h e  m e a s u r e m e n t  of t o t a l  or  
reg iona l  w a t e r  c o n t e n t  in  t he  ra t .  

FLORA e t  al. x3 found  t h a t  t h i s  i n d i c a t o r  reaches  a n  
equ i l i b r i um in  p l a s m a  20 ra in  a f t e r  in jec t ion ,  wh ich  is no t  
a l t e r ed  in  t h e i r  o b s e r v a t i o n  p e r i o d  (2 h).  O ur  r e su l t s  do  

Volume of distribution of 4-iodine-antipyrine (I TM) in tissues 

ml/i00 weight % of decay of 
(mean ::~ S.D.) radioactivity ill 60 rain 

Whole body 67.7 4- 14.3 -- 20.0 
Testis 24.34- 3.9 -- 8.6 
Kidney 62.5-t- 5.2 -- 1.1 
Spleen 43 .4±  5.5 + 1.5 
Liver 38.5-t- 3.8 -- 1.4 
Myoeardium 33.5 ± 19.7 -- 1.5 
Lung 62.7 q- 45.3 -- 0.05 
Skin 105.3 4- 28.6 -- 4.4 

n o t  su s t a in  t h i s  obse rva t ion ,  be ing  r e m a r k a b l e  for t h e  
d i f fe ren t  r a t e  of d i s a p p e a r a n c e  f rom p l a s m a  a n d  t issues.  

T h u s  far, in  our  exper ience  t h e r e  is no  ev idence  t h a t  
4 - iod ine -an t ipy r ine  label led  w i th  I x31 follows t he  d i s t r ibu -  
t ion  of w a t e r  in t issues.  

P r e s u m a b l y  th i s  c an  be  a t t r i b u t e d  to  a n  ear ly  sp l i t t i ng  
of t h e  ca r r i e r - i nd i ca to r  c o m p l e x  a n d  t h e  s u b s e q u e n t  
a c c u m u l a t i o n  of the  l a t t e r  in  t he  co rpora l  iod ine  pool.  
However ,  t h e  co inc idence  of t h e  resul t s  o b t a i n e d  for  t o t a l  
b o d y  w a t e r  c o n t e n t  w i t h  4 - iod ine -an t ipy r ine  (I TM) a n d  
t r i t i a t e d  w a t e r  c a n n o t  be  exp l a ined  on  t h e  g r o u n d s  of 
t h e i r  d i f f e ren t  d i s t r i b u t i o n  in t i ssue  wate r .  

Resumen.  L a  d e t e r m i n a c i 6 n  de  a g u a  t o t a l  y de  a g u a  
t i su l a r  se efec tuo p o r  med io  de  la  d i luc i6n  de  4 -yodo-an t i -  
p i r i n a  (I TM) en  la  r a t a .  Los  r e su l t ados  o b t e n i d o s  m u e s t r a n  
que  ta  d i s t r i b u c i 6 n  reg iona l  del  i n d i c a d o r  no  es s imi la r  a 
Ia del agua ,  a n n q u e  et v o l u m e n  de  a g u a  t o t a l  e n c o n t r a d o  
se a p r o x i m a  a los va lo res  med ios  no rma les .  E s t a  d i s t r i b u -  
c i6n  del  i n d i c a d o r  en  los t e j idos  n o  hace  aconse jab le  la  
u t i l i zac i6n  de  es te  i n d i c a d o r  p a r s  la  med ic idn  deI v o l u m e n  
de  a g u a  t o t a l  o regional .  
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Elec tr i ca l  and Contrac t i l e  P r o p e r t i e s  o f  I s o l a t e d  Rat  Atr ia  in B u f f e r - F r e e  M e d i u m  as  In f luenced  b y  

C h a n g e s  in pH 

T h e  effects  of h y d r o g e n  ion c o n c e n t r a t i o n  on  t h e  
e lect r ica l  p rope r t i e s  of t h e  h e a r t  ha s  b e e n  s tud ied  in 
P u r k i n j e  f ibers  x, i so la ted  r a b b i t  atr ia2,  3 a n d  frog ven -  
t r ic le  4. I n  t he se  s tud ies  t he  h y d r o g e n  ion c o n c e n t r a t i o n s  
were  v a r i e d  b y  a l t e r a t i ons  in  t he  com pos i t i on  of t he  
buf fe r  sys tems .  I n  v iew of t h e  fac t  t h a t  buf fers  h a v e  b e e n  
d e m o n s t r a t e d  to  m o d i f y  ca rd iac  f u n c t i o n  5,s t he  poss ib i l i ty  
ex i s ted  t h a t  t h e  buf fers  t h e m s e l v e s  m i g h t  h a v e  con t r i -  
b u t e d  to  t h e  resul ts .  I n  t h e  p r e s e n t  i nves t iga t ion ,  t he  
effects  of p H  on t h e  e lect r ica l  m e m b r a n e  p rope r t i e s  a n d  
deve loped  t en s ion  of i so la ted  r a t  a t r i a  were s t ud i ed  in 
buf fer - f ree  media .  

Methods, A t r i a  f r o m  ma le  S p r a g u e - D a w l e y  r a t s  were  
r e m o v e d  a n d  s u s p e n d e d  in a modi f i ed  K r e b s - R i n g e r  
b i c a r b o n a t e  m e d i u m  w i t h  glucose as s u b s t r a t e L  T h e  
m e d i u m  was  a e r a t e d  w i t h  9 5 %  O2:5 % CO2 a n d  m a i n -  
t a i n e d  a t  a p H  of 7.4. A t r i a  were  s t i m u l a t e d  a t  a r a t e  of 
200 /min  a t  30 °C. T h e  deve loped  tens ion ,  r e s t ing  po ten t i a l s ,  
m a g n i t u d e  a n d  t i m e  course  of ac t ion  p o t e n t i a l s  a n d  
c o n d u c t i o n  t i m e  were  d e t e r m i n e d  as  p r ev ious ly  de-  
sc r ibed  s. T h e  m a x i m u m  r a t e  of rise of t h e  ac t ion  p o t e n t i a l  
was  o b t a i n e d  b y  d i f f e r e n t i a t i n g  t h e  o u t p u t  of t h e  ampl i -  
t ie r  c a r r y i n g  t h e  a c t i o n  po t en t i a l .  

T h e  buf fe r - f ree  m e d i u m  w as  p r e p a r e d  b y  r ep lac ing  t h e  
s o d i u m  b i c a r b o n a t e  a n d  t h e  p o t a s s i u m  p h o s p h a t e  in  
K r e b s - R i n g e r  m e d i u m  w i t h  e q u i v a l e n t  c o n c e n t r a t i o n s  of 
s o d i u m  a n d  p o t a s s i u m  chlor ide .  T h i s  m e d i u m  was  a e r a t e d  
w i t h  100% O~. T h e  p H  of t h i s  m e d i u m  was  a d j u s t e d  to  

t h e  des i red  va lue  (pH 3,0-12.0) b y  t he  a d d i t i o n  of d i lu te  
N a O H  or HC1. The  p H  was  c o n t i n u o u s l y  m o n i t o r e d  
t h r o u g h o u t  t h e  e x p e r i m e n t a l  per iod.  

Results. Figure  1 shows t h e  changes  in a t r i a l  deve loped  
t ens ion  t h a t  occur red  w h e n  t h e  K r e b s - R i n g e r  b i c a r b o n a t e  
m e d i u m  was  rep laced  w i t h  buffer - f ree  m e d i u m  a t  p H  7.4, 
6.0 or 8,8. I t  is e v i d e n t  t h a t  exposure  of t he  a t r i a  to  buf fer -  
free m e d i a  r e su l t ed  in a t r a n s i t o r y  pos i t ive  ino t rop ic  effect  
t h a t  was  fol lowed b y  a r ap id  decrease  in deve loped  t en -  
sion, (This  is in c o n t r a s t  to  the  K r e b s - R i n g e r  b i c a r b o n a t e  
con t ro l  wh ich  showed  on ly  a smal l  d e c r e m e n t  in deve loped  
t ens ion  ove r  t h e  same  pe r iod  of t ime.)  A t  p H  6.0 t h e  
d e c r e m e n t  in  deve loped  t en s ion  was n o t  s ign i f i can t ly  
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d i f f e ren t  f r o m  t h a t  of a t r i a  s u s p e n d e d  in p H  7.4 m e d i u m .  
On t h e  o t h e r  h a n d ,  a t  p H  8.8 t h e  d e c r e m e n t  was  signifi- 
c a n t l y  less. As can  be  seen f rom t h e  Figure ,  t h e  ino t rop ic  
changes  were  revers ible ,  for  in  e v e r y  case  t he  a t r i a l  
deve loped  t en s ion  r e t u r n e d  t o w a r d  t h e  con t ro l  va lues  
w h e n  t h e  buf fer - f ree  m e d i u m  was  rep laced  w i t h  Krebs -  
R i n g e r  b i c a r b o n a t e .  

F igu re s  2 a n d  3 s u m m a r i z e  t h e  e lect r ica l  changes  t h a t  
occu r r ed  w h e n  a t r i a  were  s u s p e n d e d  in  buf fer - f ree  n l e d i u m  
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Fig. 1. Effect of pH on the developed tension of isolated rat  atria 
suspended in buffer-free media. A--z~, control in Krebs-Ringer bi- 
carbonate medium at pH 7.4 (6 atria) ; , ~ - - ~ ,  buffer-free medium 
at pH 7.4 at 0 time (6 atria) ; e - -e ,  buffer-free medium at pH 6,0 at 
0 time (6 atria); o--o, buffer-free medium at pH 8.8 at 0 time 
(6 atria). At arrow buffer-free media was replaced with Krebs- 
Ringer bicarbonate. Vertical bars represent the SEM. 
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Fig. 2. Effects of pH on resting potential, action potential and 
action potential duration of isolated rat atria suspended in buffer- 
free media. Control values of these parameters were recorded after 
10 min in buffer-free medium at pH 7.4 and compared with data 
obtained at the different pH values. Each point is the average of 
experiments from 6--36 atria. Determinations were made over a 
period of 1-10 rain after the pH modification. 

Dep ~tsrization rate 

ucfi0n time 

0 

-lO 

e 

L 5 7 lop, 

Fig. 3. Effects of pH on maximum rate of depolarization and conduc- 
tion time of isolated-rat atria suspended in buffer-free media. 
Conditions as in Figure 2. 

a t  ac id  or  a lka l ine  pH.  As s h o w n  in F igu re  2, t h e  m a g n i -  
t u d e  of t h e  ac t ion  p o t e n t i a l  a n d  r e s t i ng  p o t e n t i a l  as wel l  
as t h e  ac t ion  p o t e n t i M  d u r a t i o n  showed  l i t t le  c h a n g e  over  
t h e  r a n g e  of p H  f rom 4.0-10.0.  A t  p H  3.0 t h e  d u r a t i o n  of 
. the ac t ion  p o t e n t i a l  was  s ign i f i can t ly  increased  ; whereas ,  
t h e  m a g n i t u d e  of t he  r e s t i ng  a n d  ac t ion  p o t e n t i a l s  re-  
m a i n e d  r e l a t i ve ly  u n c h a n g e d .  A t  p H  11.0 a s ign i f i can t  
s h o r t e n i n g  of t h e  ac t ion  p o t e n t i a l  d u r a t i o n  was  obse rved .  
Th i s  was  a c c o m p a n i e d  b y  a sma l l  b u t  c o n s i s t e n t  r e d u c t i o n  
of t h e  ac t ion  p o t e n t i a l  m a g n i t u d e  w i t h o u t  a n y  app rec i ab l e  
c h a n g e  in t h e  r e s t i ng  p o t e n t i a l .  A t  t h e  e x t r e m e  r a n g e  of 
p H ,  3 a n d  12, t he  ac t ion  p o t e n t i a l  d i s a p p e a r e d  w i t h i n  2 
m i n ;  whi le  a t  p H  va lues  as  low as 4.0 or  as  h igh  as  10.0, 
essen t ia l ly  n o r m a l  ac t ion  p o t e n t i a l s  were  r eco rded  ove r  
t h e  10 ra in  in t e rva l .  

As  s h o w n  in  F i g u r e  3, ac id i ty  (pH 4.0) r educed  t h e  
m a x i m u m  r a t e  of d e p o l a r i z a t i o n  a n d  p ro longed  t h e  con-  
d u c t i o n  t ime .  A l k a l i n i t y  (pH 10.0) p r o d u c e d  less de f in i t e  
changes  on  t he se  2 p a r a m e t e r s .  

All  t h e  a b o v e  f ind ings  were  i n d e p e n d e n t  of t h e  sequence  
of  p H  changes  for  t h e  r e su l t s  were  s imi la r  w h e t h e r  t h e  p H  
c h a n g e s  were  f rom a lka l ine  to  acid or  f r o m  acid  to  a lkal ine .  

Discussion. T h e  d e m o n s t r a t i o n  in t h e  p r e s e n t  s t u d y  
t h a t  r e p l a c e m e n t  of K r e b s - R i n g e r  b i c a r b o n a t e  w i t h  
buf fe r - f l ee  m e d i u m  resu l t s  in  a r a p i d  d e c r e m e n t  of 
deve loped  t en s ion  i nd i ca t e s  t h a t  buf fers  p l a y  a n  i m p o r -  
t a n t  role in t h e  r e g u l a t i o n  of ca rd iac  con t r ac t i l i t y .  F r o m  
the  a v a i l a b l e  evidence ,  i t  would  a p p e a r  t h a t  i t  is t h e  bi-  
c a r b o n a t e  r a t h e r  t h a n  t h e  p h o s p h a t e  w h i c h  is t he  more  
i m p o r t a n t  buf fe r  s y s t e m  in  t h e  m e d i u m .  WroTE a n d  
SALTER s d e m o n s t r a t e d  a r ap id  d e c r e m e n t  in  t h e  deve loped  
t en s ion  of c a t  p a p i l l a r y  musc le  w h e n  p h o s p h a t e  was  
s u b s t i t u t e d  for b i c a r b o n a t e  in  K r e b s - H e n s e l e i t  m e d i u m .  
BERM,a~ a n d  SAUND~RS 6 d e m o n s t r a t e d  t h a t  in  p h o s p h a t e  
buf fe red  m e d i m n  ( b i c a r b o n a t e  o m i t t e d )  t h a t  glucose was  
r e l a t i ve ly  inef fec t ive  in r e s to r ing  t h e  con t r ac t i l e  t ens ion  
oi r a t  ven t r i c l e  s t r ips  m a d e  h y p o d y n a m i c  b y  p ro longed  
b e a t i n g  in subs t r a t e - f r ee  m e d i u m .  RICE a n d  BERMAN ~ 
f u r t h e r  d e m o n s t r a t e d  t h a t  in  p h o s p h a t e  buf fe red  m e d i u m  
p y r u v a t e  was  more  r a p i d l y  m e t a b o l i z e d  t h a n  glucose a n d  
i t  was  p roposed  t h a t  in  t he  absence  of b i c a r b o n a t e  buf fe r  
a defec t  in  t h e  E m b d e n - l ~ e y e r h o f  p a t h w a y  occurs.  Omis-  
sion of glucose f rom t h e  m e d i u m  resu l t s  in  a r a p i d  de- 
p ress ion  of a t r i a l  c o n t r a c t i l i t y  10, a n d  i t  is poss ible  t h a t  t h e  
r ap id  d e c r e m e n t  in  deve loped  t en s ion  t h a t  occurs  in  
buf fer - f ree  m e d i u m  m a y  in  p a r t  be  due  to  a de fec t  in  
glucose m e t a b o l i s m  n .  T h e  f ind ings  t h a t  t h e  con t r ac t i l e  
d e c r e m e n t  in  a lka l ine  m e d i u m  is less t h a n  a t  p H  7.4 or  
6.0 ind ica tes  t h a t  p H  b y  i tself  i n d e p e n d e n t  of t he  p resence  
of buf fe r s  c an  a l t e r  deve loped  tens ion .  LORKOWd 4 pro-  
posed  t h a t  t h e  i n t r ace l l u l a r  p H  of ca rd iac  musc le  is 
sens i t ive  to  t he  p H  of t he  e n v i r o n m e n t .  T h u s  i t  is poss ible  
t h a t  t h e  b e t t e r  m a i n t e n a n c e  of deve loped  t en s ion  m a y  b e  
r e l a t ed  to  a n  a l t e r a t i o n  in  t h e  i n t r ace l lu l a r  p H  x~. T h e  
f ind ings  t h a t  t h e  ac t ion  p o t e n t i a l  d u r a t i o n  of a t r i a  sus- 
p e n d e d  in buf fe r - f ree  m e d i u m  a t  ac id  p H  was  p r o l o n g e d  
whi le  t h e  oppos i te  occur red  a t  t h e  e x t r e m e  a lka l ine  side 
are  in  a g r e e m e n t  w i t h  o t h e r  s tud ie s  p e r f o r m e d  on  sheep  
P u r k i n j e  f ibers  1 a n d  frog v e n t r i c l e  4. HECH~ a n d  I-IU~TZR 1 
d e m o n s t r a t e d  t h a t  t h e  o u t w a r d  ion c u r r e n t  of P u r k i n j e  
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fibers was greater in alkali than in acid, and this could 
explain the changes in action potential duration observed 
in this study; furthermore, the reduction of the maximum 
rate of depolarization as well as the increased conduction 
time produced at pH 3.0 may be the result of competit ion 
between H+ and Na + for membrane carriers 13. 

Zusammen[assung. Der Einfluss yon pH-Anderungen 
auf die Kontraktions- und elektrischen Eigenschaften von 
Rat tenvorh6fen wurde in pufferfreien Medien untersucht;  
eine Suspension yon Vorh6fen in pufferfreier Krebs- 
Pdngerl6snng ha t te  eine zweiphasige inotrope ~Virkung, 
(anf/ingliche Erregung, hierauf progressive Entspannnng). 
Reduktion des pH yon 7,4 auf 6 ha l le  keine bedeutende 
Wirkung auf die kontraktile Spannung, w/~hrend eine 
Erh6hung des pH yon 7,4 ant 8,8 das Spannungsdekre- 
ment  verringerte. Saures Medium erh6hte die Dauer der 
Aktionspotentiale, verringerte die maximale Geschwindig- 

keit der Depolarisierung und verl//ngerte die Leitungszeit, 
w~.hrend ein alkalisches Medium die Dauer der Aktions- 
potentiale verkiirzte. 
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Viscosity Changes of Synovia after Application of 

In our recent experiments x,2 we demonstrated an in- 
creased permeabili ty of water treated by ultrasound 
through connective tissue membranes. The effect of 
chemically active substances formed in sounded water on 
the colloids of connective tissue may be responsible for 
this effect. I t  is known that  2 principal compounds in 
connective tissue are present: collagen and mucopolysac- 
charides. Depolymerization of mucopolysaccharides de- 
termines an increase of connective tissue permeabili ty in 
some experiments 3,4. 

In  order to prove the possibility of a similar mechanism 
under the conditions of our experiments, the effect of 
sounded water  on synovia fluid has been investigated 
using changes in its viscosity as the measure of the de- 
gradation of hyaluronic acid. 

The synovia was taken from the bovine joints and 
cleaned by filtration and centrifugation 4. The relative 
viscosity was determined by an Ostwald capillary viscosi- 
meter. All the measurements were made with fresh 
samples of synovia. After the first measurement of 
viscosity the synovia was diluted (5: I) with the deionized 
water (control), deionized water t reated with ultrasound 
(frequency 800 kc, irradiation t ime 1 mill, intensity 1 
W/cm ~) and for comparison with hydrogen peroxide 
solution a t  a concentration of 1%. Viscosity measurements 
were repeated several times. The results, summarized in 
the Table indicate a rapid lowering of viscosity 2 rain 
after the addition of the experimental  solution. Using 

Mean % of change of relative viscosity against the value of the first 
measurement (100%) 

Min~ Control Sounded Hydrogen 
water peroxide 

2 88.5 76.5 78.0 
4 l 74.5 76.5 

6 t 70.0 72.5 10 68.0 72.0 

30 1 65.5 
60 63.0 

120 62.5 

Time in min measured after adding experimental solutions. 

Water Treated w i t h  U l t r a s o u n d  

sounded water, the decrease of viscosity ceases within 10 
min; using the hydrogen peroxide solution, the viscosity 
of synovia drops to the value of the viscosity of water. 
The decrease in viscosity under a lower concentration of 
hydrogen peroxide was not so evident. 

A 0.06 mg % concentration of hydrogen peroxide as 
determined by polarographic method s, was found in the 
water treated by ultrasound under our conditions. The 
decrease in viscosity when using sounded water is approxi- 
mately  the same as using 1.00 mg% solution of hydrogen 
peroxide. The presence of stabilizers in commercial hydro- 
gen peroxide, or the additive role of free radicals in the 
sounded water, may be responsible for this difference. 

Our results indicate tha t  the indirect effect of ultra- 
sound on the connective tissue may be caused by the 
chemical action of hydrogen peroxide ~,7 or of free radical# 
on the mucopolysaccharides of connective tissue. These 
chemically active compounds can depolymerize the long 
chains of mucopolysaccharides, or they can only loosen 
the ter t iary structure of polysaccharides and their hydra- 
tion. Both these changes result in the decrease of anoma- 
lous viscosity of mucopolysaccharides. 

Zusammenfassung. Nach Applikation von beschalltem 
Wasser wurde infolge physikochemischer Degradation der 
Polysaccharide ein Viskosit~tsabfalt der Synovia nach- 
gewiesen. 
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