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Modif icat ion  of the  A m i n o  Acid Poo l  in the  Parietal  
O s m o t i c  A d j u s t m e n t  

E u r y h a l i n e  f i shes  are  c lass ica l ly  cons ide red  as  h o m e -  
osmot i c  an ima l s .  However ,  c h a n g e s  of 20 to  30% in  p l a s m a  
o s m o t i c  p r e s s u r e  h a v e  b e e n  obse rved  in v a r i o u s  e u r y h a l i n e  
t e leos t s  a f t e r  t r a n s f e r  f r o m  sea  w a t e r  to  f r e sh  w a t e r  L I n  
t h e s e  species,  t h e  t i s sues  h a v e  t he re fo re  to  cope  w i t h  t h e  
c h a n g e s  in t h e  b lood o s m o t i c  p re s su re  o c c u r r i n g  w h e n  t h e  
a n i m a l  is w i t h s t a n d i n g  an  o s m o t i c  s t ress .  T h e  pa r t i c ipa -  
t ion  of t h e  a m i n o  acid pool  in t h e  cel lu lar  o s m o r e g u l a t i o n  
process  is a wel l  k n o w n  p h e n o m e n o n  in  e u r y h a l i n e  in-  
ve r t eb ra t e s2 ,  3. I n  v e r t e b r a t e s ,  t h i s  a s p e c t  of ce l lu lar  
v o l u m e  r e g u l a t i o n  h a s  rece ived  only s c a n t  a t t e n t i o n  u n t i l  
n o w  4-6 e x c e p t  in two  r e c e n t  i n v e s t i g a t i o n s  on t h e  hagf i sh~  
a n d  on  t h e  eelS. 

W e  h a v e  the re fo re  u n d e r t a k e n  a s t u d y  of t h e  modi f i ca -  
t i on  in ionic a n d  a m i n o - a c i d  c o n c e n t r a t i o n  occur r ing  in t h e  
p a r i e t a l  m u s c l e  of  2 e u r y h a l i n e  t e leos t s  w h e n  a d a p t e d  to  
n o r m a l  sea  w a t e r  ( sa l in i ty  33o/00), h y p e r t o n i c  or  h y p o t o n i c  
m e d i a  ( sa l in i ty  70°/oo a n d  l°/oo). T h i c k - l i p p e d  mul l e t s ,  
Crenimugi l  labrosus (Risso) o b t a i n e d  f r o m  t h e  F r e n c h  
A t l a n t i c  coas t  a n d  s o u t h e r n  F l o u n d e r s ,  Paral ichthys  
lethosligma, J o r d a n  a n d  Gilber t ,  col lected in  t h e  v i c i n i t y  
of Beau fo r t ,  N o r t h  Carol ina ,  were used  for t h e s e  exper i -  
m e n t s .  B lood  w a s  r a p i d l y  w i t h d r a w n  b y  ca rd iac  p u n c t u r e  
a n d  cen t i fuged .  A l i q u o t s  of p l a s m a  as  wel l  a s  s a m p l e s  of  
p a r i e t a l  m u s c l e  were  p r e p a r e d  for o s m o t i c  p ressure ,  w a t e r  
con ten t ,  ionic a n d  free a m i n o  ac ids  d e t e r m i n a t i o n s  
fo l lowing t e c h n i q u e s  p r e v i o u s l y  describedg,  1°. 

As  s h o w n  in  T a b l e  I I ,  t h e  p l a s m a  o s m o t i c  p r e s s u r e  
dec reases  of a b o u t  3 8 %  in  b o t h  species  w h e n  a d a p t e d  
f r o m  200% sea  w a t e r  to  f r e sh  wa te r .  I t  c a n  t he re fo re  be  
a s s u m e d  t h a t  d u r i n g  t h e  t r a n s f e r  of  s u c h  species  in t h e s e  
media ,  t h e  t i s s u e s  h a v e  to  cope w i t h  a c h a n g e  in o s mo t i c  
p ressure .  As a m a t t e r  of fac t  a n  ac t ive  r e g u l a t i o n  of t h e  
cel lu lar  v o l u m e  a p p e a r s  to  be  a t  p l a y  in b o t h  species  
s ince  t h e r e  is no s ign i f i can t  c h a n g e  in t h e  m u s c l e  w a t e r  
c o n t e n t  d u r i n g  t h e  a d a p t a t i o n  to  m e d i a  of v a r i o u s  
sal ini t ies .  F ree  a m i n o  ac ids  t o g e t h e r  w i t h  ions  are  k n o w n  
to  be i m p o r t a n t  o s m o t i c  e f fec tors  in  i n v e r t e b r a t e  cells, in 
w h i c h  t h e y  are  also i n v o l v e d  in t h e  cel lu lar  o s m o t i c  regu-  
l a t ion  ~, 3. I n  t h e  t w o  f i shes  t a k e n  in  t h e i r  n o r m a l  m e d i u m  
(sea water )  i no rgan ic  ions a c c o u n t  for  66% a n d  77% of 
t h e  t o t a l  o s m o t i c  p r e s s u r e  whi le  a m i n o  ac ids  r e p r e s e n t  
15.3% of t h e  cel lu lar  o s m o t i c  p r e s s u r e  in  t h e  m u l l e t  a n d  
19% in  t h e  f lounder .  "When t a k e n  t o g e t h e r  a m i n o  ac ids  

M u s c l e  o f  T w o  E u r y h a l i n e  T e l e o s t s  D u r i n g  

Table I. Changes in amino-acid level in the parietal muscle of 2 ma 
fine teleosts during their osmotic adjustment 

Amino acid C. labrosus P. lethostigma 
200% SW SW FW 200% SW SW FW 

Lysine 0.81 0.98 1.08 1.18 1.12 1.01 
Histidine 0.64 0.79 0.66 0.21 0.56 0.22 
Ornithine 0.12 0.29 0.21 0.13 0.14 0.10 
Arginine 0.08 0.26 0.14 0.09 0.38 0.26 
Taurine 36.75 23.29 6.38 41.30 28.37 16.47 
Aspartic acid 1.31 1,23 0.11 1.56 1.66 0.16 
Threonine 0.86 0.38 0.35 0.50 0.64 0.41 
Serine 2.10 1.30 0.45 2.27 1.91 0.53 
Glutamic acid 1.37 1.12 0.38 1.44 1.80 0.40 
Proline 1.18 0.81 0.29 1.46 1.42 0.66 
Glycine 27.02 11.56 2.58 12.81 8.03 1.35 
Alanine 8.49 3.61 0.82 5.10 4.14 0.93 
Valine 0.32 0.27 0.25 0.37 0.38 0.31 
Methionine 0.I2 0.14 0.13 0.33 0.32 0.27 
Isoleucine 0.27 0.21 0.24 0.24 0.27 0.19 
Leueine 0.51 0.41 0.38 0.33 0.24 0.26 
Tyrosinc 0.19 0.20 0.09 0.36 0.38 0.16 
Phenylalanine 0.15 0.13 0.16 0.21 0.23 0.14 

Concentrations are given in mM]kg tissue water and arc mean values 
of 7 to I0 animals. 
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Table II. Osmotic balance and water content of Crenimugil labrosus and Paralichthy lethostigma nmscles 

C. labrosus P. lethostigma 
200% SW SW FW 200% SW SW FV¢ 

Total amino acid concentration 
(mM[KgH20) 82.29 46.98 14.70 69,89 51,99 23.83 
N a +  K + C1 concentratiou in muscle 
(mEq[KgH20) 270.9 256.0 225.9 277.7 267.6 228.2 
Osmotic pressure due to amino acids 
(mOsm]KgH20) 104,5 59.7 18.7 88,8 65.0 30.3 
Osmotic pressure due to Na + K+C1 
in muscle 270.9 256.0 225.9 277.7 267.6 228.2 
Osmotic pressure due to the measured 
components (mOsm/KgHeO) 375.4 315.7 243.6 366.5 333.6 258.5 
Plasma osmotic pressure (mOsm[1) 440 -4- 5 389 4- 9 270 4- 7 406 :j: 4 348 ~ 4 251 ~ 6 
Osmotic pressure due to amino acids 
(%) 23.75 15.35 6.92 21.87 18.97 12.07 
Osmotic pressure due to ions (%) 61.57 65.81 83.66 68.40 76.89 90.92 
Water content (% wet wt.) 76.61 ± 1.6 76.82 4- 1.7 79.90 -b 2.2 76.33 :~ 1.5 78.74 ~ 1.4 80.65 ~_ 1.8 

The osmotic pressure of amino acid pool have been calculated asssuming that the AI of a molar solution of amino acids is --1.86 °C 1~. 
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a n d  ions a c c o u n t  for  80 to  90% of t h e  cel lu lar  o smot i c  
p ressure  (Table  I I ) .  T h e  def ic i t  in  o smot i c  p ressure  is 
p r o b a b l y  m a d e  u p  b y  va r i ous  o rgan ic  molecules  as  ca rno-  
s ine  or  anse r ine  wh ich  a re  k n o w n  to  b e  p r e s e n t  in  large  
a m o u n t s  in  t h e  musc le  of v a r i o u s  f i shes  4, ~, n ,  1~. D u r i n g  
h y p e r  or  h y p o s m o t i c  s tress,  t h e r e  is no  s ign i f i can t  va r i a -  
t i o n  of t h e  musc le  t o t a l  ionic  c o n t e n t .  O n  t h e  o t h e r  h a n d  
t h e  a m i n o - a c i d  c o n c e n t r a t i o n  changes  w i t h  t h e  o s mo t i c  
a d a p t a t i o n .  W h e n  going  f rom t h e  h y p e r t o n i c  m e d i u m  
(200% sea water )  to  t h e  h y p o t o n i c  one  (fresh water ) ,  
t h e r e  is a 82% decrease  in  t h e  a m i n o - a c i d  c o n t e n t  of t h e  
mu l l e t  musc le  a n d  a 66% decrease  in  t h a t  of t he  f l ounde r  
musc le  (Table  I I ) .  These  changes  a f fec t  m o s t  of t he  
a m i n o  acids a n d  c a n n o t  be  a t t r i b u t e d  to  a s imple  di lu-  
t i on  process  since t h e  cel lu lar  w a t e r  c o n t e n t  does n o t  
change  s ign i f i can t ly  d u r i n g  t h e  a d a p t a t i o n  to  t he  va r ious  
med ia .  Moreover ,  t h e  p e r c e n t a g e  of decrease  obse rved  
in t h e  a m i n o - a c i d  c o n c e n t r a t i o n  var ies  w i t h  each  a m i n o  
acid.  The  m o s t  i m p o r t a n t  changes  a re  obse rved  a t  t h e  
level  of t h e  so-cal led n o n  essen t ia l  a m i n o  acids  (GLY,  
ALA,  ASP ,  G L U ,  S E R ,  PRO)13 a n d  is specia l ly  impor -  
t a n t  a t  t h e  leve l  of glycine,  a l an ine  a n d  t he  a m i n e  
t a u r i n e  (Table  I). Such  a f e a t u r e  is a lso o b s e r v e d  in al l  t h e  
e u r y h a l i n e  i n v e r t e b r a t e  species  s t ud i ed  so far  ~,3 as wel l  
as in  v e r t e b r a t e  species (4, ~, t h i s  paper )  a n d  sugges ts  t h e  
poss ib i l i ty  t h a t  t h e  role p l a y e d  b y  t h e  a m i n o  acids  in  t h e  
i n t r ace l l u l a r  i somot ic  r egu la t i on  is a genera l ized  mecha -  
n i s m  ex i s t ing  in  b o t h  i n v e r t e b r a t e s  a n d  v e r t e b r a t e s  as, 16. 

Rdsumd. Au cours  de l ' a d a p t a t i o n  de d e u x  poissons  
e u r y h a l i n s  A des m i l i eux  h y p e r -  ou h y p o t o n i q u e s ,  la  
t e n e u r  en  eau  d u  t i ssus  muscu la i r e  ne  va r i e  pas  en  d6p i t  

des  mod i f i ca t i ons  de la  p ress ion  o s m o t i q u e  du  p l a s m a  
sanguin .  Les  ac ides  amin6s  e t  p a r t i c u l i ~ r e m e n t  la  glycine,  
l ' a l a n i n e  e t  u n e  a m i n e  la  t au r ine ,  p a r a i s s e n t  imp l iqu6s  
d a n s  ce p rocessus  de  r~gula t ion  de  la  p ress ion  o s m o t i q u e  
in t raceUuta i re .  
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Numerical  Hyperplasia in Human Heart Hypertrophy 

I t  is s t i l l  u n k n o w n  w h e t h e r  in  h y p e r t r o p h i e d  h u m a n  
h e a r t s  t he re  is a n  increase  in the  n u m b e r  of h e a r t  musc le  
cell, i.e. h e a r t  musc le  cell nuclei ,  or w h e t h e r  t he  enlarge-  
m e n t  of t h e  h e a r t  musc le  is r e l a t ed  on ly  to  t h e  enlarge-  
m e n t  of the  s ingle h e a r t  musc le  f ibres.  

I n  ear l ier  i nves t i ga t i ons  (SANDRITTER a n d  SCOMAZZONI 1 
KOMPMANN et  aLL FlSCHSR et  al. 3) a process  of poly-  
p lo id i za t i on  in h y p e r t r o p h i c  h u m a n  h e a r t s  w i t h  inc reas ing  
h e a r t  weight ,  m e a n i n g  a m u l t i p l i c a t i o n  of t h e  D N A  con-  
t e n t  pe r  s ingle h e a r t  musc le  cell nucleus ,  was  d e m o n s t r a t e d  
b y  c y t o p h o t o m e t r i c  m e a s u r e m e n t s .  T h i s  f i nd i ng  sug-  
ges ted  t h a t  b i o c h e m i c a l  D N A  d e t e r m i n a t i o n  a lone  do  n o t  
ref lec t  t h e  cell n u m b e r .  W e  the re fo re  c o m b i n e d  cy to-  
p h o t o m e t r i c  F e u l g e n  D N A  m e a s u r e m e n t s  w i t h  b iochem-  
ical  D N A  d e t e r m i n a t i o n s  in  o rde r  to  ca l cu la t e  t he  n u m b e r  
of h e a r t  musc le  cells. T he  re l a t ive  n u m b e r  of c o n n e c t i v e  
t i s sue  cell nucle i  was  l ikewise cons idered .  

H u m a n  h e a r t s  were o b t a i n e d  f rom a u t o p s y  m a t e r i a l  
less t h a n  24 h a f t e r  d e a t h  a n d  weighed,  a f t e r  r e m o v a l  of 
ep ica rd ia l  f a t  a n d  c o n n e c t i v e  t issue.  Samples  of h e a r t  
muscle ,  each  weigh ing  10 g, were  t a k e n  f rom 6 d i f fe ren t  
s i tes  of b o t h  ventr ic les .  W e  h a v e  p r o v e d  t h a t  these  s amples  
were  r e p r e s e n t a t i v e  for  t h e  whole  i n d i v i d u a l  h e a r t  
muscle ,  because  D N A  d e t e r m i n a t i o n s  on  38 d i f f e ren t  s i tes  
of some h e a r t s  d id  no t  show a n y  s t a t i s t i ca l ly  s ign i f i can t  
d i f ferences  in  D N A  a m o u n t  or po lyp lo id i za t i on  p a t t e r n  
as  m e a s u r e d  f rom t h e  5 chosen  sites.  A f t e r  e x t r a c t i o n  
w i t h  pe rch lo r ic  acid,  t h e  t o t a l  a m o u n t  of  D N A  was  
d e t e r m i n e d  b y  t he  d i p h e n y l a m i n e  r e a c t i o n  acco rd ing  to  
DlSCHB 4 a n d  BURTON ~. T h e  c y t o p h o t o m e t r i c  D N A  

m e a s u r e m e n t s  were p e r f o r m e d  w i t h  a Deeley  I n t e g r a t i n g  
M i c r o d e n s i t o m e t e r  (DEELEV e) on  300 muscle  nucle i  per 
hea r t .  

The  n u m b e r  of c o n n e c t i v e  t i ssue  cell  nuc le i  was  de te r -  
m i n e d  in h is to logica l  sl ides f rom 38 areas  of each  h e a r t  
us ing  a l i gh t  mic roscope  w i t h  a m a g n i f i c a t i o n  of 400 x .  
W e  ca l cu la t ed  t h e  n u m b e r  of connec t ive  t i ssue  cell nuc le i  
in  r e l a t i o n  to  100 h e a r t  musc le  cell nuclei .  C y t o p h o t o -  
me t r i c  m e a s u r e m e n t s  showed  t h a t  c o n n e c t i v e  t i s sue  cell  
nuc le i  al l  have ,  w i t h o u t  except ion ,  a d ip lo id  D N A  p a t t e r n .  
H y d r o x y p r o l i n e  d e t e r m i n a t i o n s ,  acco rd ing  to  ST~GE- 
MANN'S m e t h o d  7 was  t a k e n  as a m e a s u r e  of t h e  a m o u n t  
of t h e  c o n n e c t i v e  t issue.  

T h e  e v a l u a t i o n  of these  p a r a m e t e r s  a l lows  t h e  calcula-  
t i o n  of  t h e  n u m b e r  of h e a r t  musc le  cell  nuclei ,  t a k i n g  i n to  
a c c o u n t  t h e  a m o u n t  of t o t a l  D N A  of t h e  i n d i v i d u a l  h e a r t  
muscle ,  t he  a m o u n t  of D N A  of t h e  h e a r t  musc le  cell  
nucle i  a n d  t h e  n u m b e r  of c o n n e c t i v e  t i s sue  cells. 
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