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The Na +, K +, Ca 2+, Mg ~+ and CI- Composition of 

This  is t h e  f i rs t  of  a series of  c o m m u n i c a t i o n s  r epo r t i ng  
the  inorganic  ion c o n t e n t  of s ingle muscle  f ibers  f rom the  
barnacle  Balanus nubilus Darwin .  Un t i l  qu i t e  r ecen t ly  the  
favor i te  ma te r i a l  for s tud ies  of th i s  t y p e  has  been  frog or  
ra t  skele ta l  muscle.  B o t h  models  are  s lowly being aban-  
doned,  since i t  is real ized t h a t  an  accura te  q u a n t i t a t i v e  
analysis  of t he  compos i t ion  of a cell is feasible  only  w h e n  a 
single cell p r e p a r a t i o n  is examined .  I t  is also becoming  
increas ingly  clear t h a t  t he  p roper t i e s  of muscle  f ibers  
f rom t h e  same  muscle  b und l e  m a y  no t  be  t he  same.  The  
purpose  of t h e  e x p e r i m e n t s  descr ibed  in  th i s  pape r  was  
there fore  t o  o b t a i n  i n fo rma t ion  a b o u t  t h e  ionic compos i -  
t ion of s ingle  ba rnac le  f ibers  and  to  see w h e t h e r  t he re  
are a n y  m a r k e d  di f ferences  in ionic c o n t e n t  be tween  
f ibers  f rom t h e  same  muscle  bund le  and  be tween  f ibers  
f rom d i f f e ren t  ba rnac le  specimens .  

Single f ibers f rom spec imens  of Balanus nubilus were 
isolated f rom one of the  depressor  muscle  bundles  unde r  
art if icial  sea water ,  us ing a b inocular  microscope,  f ine 
scissors a n d  w a t c h m a k e r ' s  forceps.  I so la t ion  of these  
f ibers f r o m  t h e i r  basa l  a t t a c h m e n t  was done  by  f i rs t  
f reeing t h e  scu ta l - t e rga l  end  a n d  t h e n  suspend ing  t h e  
f iber  in air  before  c u t t i n g  a t  i ts  origin. The  f iber  was  n e x t  
r insed 3 t i m e s  w i t h  dis t i l led  w a t e r  (I0 sec rinses),  gen t ly  
b lo t ted ,  we ighed  on  a mic roana ly t i c  ba lance  and  p u t  in a 
'Vycor '  vessel  c o n t a i n i n g  1 ml  of cone. HNO3. The  d iges t  
was ashed  a t  500 °C for 5h  and  the  ash  was  t h e n  d issolved 
in 1 ml  of 1 N  He1 and  m a d e  up to  5 ml  w i t h  ces ium 
(4raM) and  l a n t h a n u m  (15raM). The  concen t r a t i on  of 
Na, Ca and  Mg was  e s t i m a t e d  by  means  of an a tomic  
absorp t ion  s p e c t r o p h o t o m e t e r  ( Jar re l l -Ash  82-500 model) 
using ace ty lene-a i r  f lame.  The  concen t r a t i on  of K was  
e s t ima ted  b y  m e a n s  of t h e  Ja r re l l -Ash  f l ame  emiss ion uni t .  
Fo r  t h e  e s t i m a t i o n  of C1, s epa ra t e  b a t c h e s  of f ibers  were  
dissected.  The  f iber  was  p laced  in a 'Vycor '  vessel  and  
lysed w i t h  1 ml  of  0 . 5 M  K O H .  The  d iges t  was  dr ied  
down  a t  a b o u t  70 °C and  3 ml  of  n i t r ic-acet ic  po lyv iny l  
alcohol so lu t ion  was  a d d e d  to  t he  residue.  The i n s t r u m e n t  
used for chlor ide  e s t ima t ions  was  a chlor ide  t i t r a t o r  
m a n u f a c t u r e d  by  Amer i can  I n s t r u m e n t  Co., Inc.  

The  w a t e r  c o n t e n t  of single f ibers  was  d e t e r m i n e d  by  
oven d ry ing  a t  120°C for 15h. The  ex t ra f ibe r  wa te r  space 
was  t a k e n  to  be 6% of t he  to ta l  f iber  vo lume,  a va lue  
r e p o r t e d  b y  GAVTON and  HINKE a to  la rgely  r ep re sen t  
t he  g ian t  c lef t  a n d  t u b u l a r  s y s t e m  p r e s e n t  in these  fibers.  
The  va lues  for  t h e  ex t r a f ibe r  ion c o n t e n t  were  t h u s  
o b t a i n e d  f r o m  the  m e a s u red  concen t r a t i on  of ions in t he  
art if icial  sea water .  The in t ra f ibe r  ion c o n t e n t  was  calcu- 
la ted  b y  t a k i n g  the  di f ference b e t w e e n  the  to t a l  f iber  
and  the  ex t r a f ibe r  ion con ten t ,  and  d iv id ing  th i s  va lue  
by  the  in t r a f ibe r  w a t e r  conten t .  

Art if icial  sea w a t e r  a t  22-23 °C was  used, t he  composi-  
t ion be ing  (raM): Na+ 465, K+ 10, Ca 2+ 10, Mg z+ 10 and  
HCO~- 10. The  p H  of t he  sea wa te r  was  7.8. 

The  w a t e r  c o n t e n t  of  these  f ibers  a m o u n t e d  to  a b o u t  
80% of  t he i r  w e t  weight ,  a resu l t  wh ich  agrees  w i th  t h a t  
of McLAuGHLIN a n d  HI~KE * for f ibers  i nves t iga t ed  in 
1965 b u t  n o t  in  1964. 

Table  I gives t he  d a t a  on the  in te rna l  Na, K, Ca, Mg 
and  C1 concen t r a t ions  of f ibers f reshly  d issec ted  f rom 4 
spec imens  of B. nubilus (des ignated  A, B, C and  D). I t  
will be  seen t h a t  t h e  m e a n  Na  c o n t e n t  of f ibers  f rom 
spec imen  B of 14.7 ( +  12.6) m M / k g  f iber  w a t e r  is lower 
t h a n  t h a t  found  in  f ibers  f rom spec imen  A. This  va lue  is 
of t he  s ame  order  as t h a t  r e p o r t e d  b y  HAGIWARA, 
CHICHIBU a n d  NAKA a, BRINLEY 4 a n d  BEAUG]~ and  
S J o o m L  b u t  n o t  b y  McLAUGHLIN and  HINKE ~. However ,  
it  is n o t e w o r t h y  t h a t  these  workers  car r ied  ou t  measure -  
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meri ts  on f ibers  t h a t  were  i m m e r s e d  in ar t i f ic ia l  sea w a t e r  
con ta in ing  2 0 m M  Ca ~+ and  v a r y i n g  concen t r a t i ons  of 
Tris  as buffer .  Table  I also ind ica tes  t h a t  t he  K va lue  of 
f ibers f rom spec imen  B m a y  be too  low. This  is in te res t ing  
since GAVTON et  al. 6 have  po in t ed  ou t  t h a t  f ibers  h a v i n g  
a low K c o n t e n t  also have  a low Na con ten t .  W i t h  one  
excep t ion  (fiber 9, spec imen  B) th i s  appea r s  to be the  
case here.  

Table I. Intracellular ionic composition of Balanus muscle fibers 

Specimen A Na K Ca Mg Specimen A C1 

Fiber 1 29.9 153 2.0 12.9 Fiber I 24.8 
2 33.8 149 2.0 12.5 2 16.2 
3 61.1 139 2.6 12.9 3 22.5 
4 26.7 162 3.9 12.7 4 22.6 
5 30.5 167 3.4 13.0 5 24.3 
6 22.1 170 2.8 12.7 6 55.7 

Water content - 800 g/kg 
Mean 34.0 157 2.8 12.8 Mean 27.7 
S.D. 4-13.9 4-11.8 4-0.75 4-0.18 S.D. :t:14.0 

Specimen B Specimen D 

Fiber 1 5.1 112 1.9 9.0 Fiber 1 
2 12.4 119 1.8 8.9 2 
3 1.1 98 1.3 8.2 3 
4 5.5 129 1.3 8.9 4 
5 17.9 103 1.4 9.8 5 
6 5.5 131 1.4 8.9 6 
7 24.7 95 2.0 7.8 7 
8 18.0 126 2.2 9.5 8 
9 43.0 92 2.8 8.5 

10 7.1 105 1.6 7.9 
11 10.4 112 1.6 8.2 
12 26.1 129 1.4 10.9 

Water content - 800 glkg 
Mean 14.7 112.6 1.7 8.9 
S.E. 4- 12.6 4- 14 -I- 0.45 4- 0.88 

Specimen C Na K Ca Mg 

Fiber 1 14.6 133 1.2 10.1 
2 17.8 139 1.9 10.8 
3 42.8 130 2.5 I0.9 
4 15.2 117 1.9 10.8 
5 19.1 122 0.68 10.4 
6 22.4 140 1.2 10.6 
7 25.9 138 1.2 10.6 
8 20.9 119 1.1 10.4 
9 18.5 120 1.2 9.6 

10 16.6 115 1.1 12.2 
11 20.0 127 1.1 10.7 
12 22.3 137 1.6 10.7 

Water content - 790 g/kg 
Mean 21.3 130 1.4 10.7 
S.D. 4- 7.5 ± 8.9 4- 0.49 4- 0.61 

40.3 
18.2 
22.2 
39.4 
26.4 
49.7 
13.8 
20.2 

Mean 28.8 
S.D. ± 12.8 
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M e a s u r e m e n t s  of t h e  Ca 2+ c o n c e n t r a t i o n  in  t he se  f ibers  
show n o t  o n l y  s ign i f i can t  d i f fe rences  b e t w e e n  f ibers  f rom 
the  3 spec imens  s t ud i ed  b u t  a lso b e t w e e n  f ibers  f rom t he  
s a m e  musc le  bund le .  A n o t h e r  c lea r -cu t  f e a t u r e  of t he se  
resu l t s  is t h a t  t h e  N a  a n d  Ca c o n t e n t  of f ibers  f rom speci-  
m e n  A para l l e l  e a c h  o the r .  B o t h  t h e  N a  a n d  Ca va lues  
are  h igh ,  a n d  t h i s  is in  s t r i k ing  c o n t r a s t  to  t h e  low N a  
a n d  Ca va lues  f o u n d  in f ibers  f r o m  spec imens  B a n d  C. 
T h e  Mg *+ c o n c e n t r a t i o n  seems  to  be  qu i t e  s t e a d y  a n d  n o t  
v e r y  d i f f e ren t  f rom the  f ind ings  of PAGE, MOBLEV a n d  
LEWIS 7. 

The  s a l i en t  f e a tu r e  of t h e  p r e s e n t  resu l t s  is t h a t  differ-  
ences  in  ion c o n c e n t r a t i o n  b e t w e e n  f ibers  f rom t h e  s ame  
musc le  b u n d l e  show t h e m s e l v e s  w h e n  f ibers  a re  f resh ly  
d i s sec ted  in  a r t i f ic ia l  sea  w a t e r  c o n t a i n i n g  H C O  8- as  
buffer .  So fa r  as  t h e  m e a n  va lues  of t h e  ionic c o n t e n t  of 

Table II. Various estimates of ionic concentrations in Balanus 
muscle fibres (mM]kg fiber water) 

Na K Ca Mg CI 

21 157 35 

81 168 10 
(in 1964) 
51 143 
(in 1965) 
21 150 
21 167 

1. HAGIWARA~ CHICHIBU 
and NAEA 3 

2. McLAUGHLIN and 
HINKE ga 

3. BRINLEY 4 
4. BEAUGI~ a n d  S j o n l N  fi 
5. GAYTON a n d  HINKE 1 75.1 

and 66.8 
6. GAYTON, ALLEN and 21.8 160 36 

HINKE 6b 
7. ASHLEY 8 0.78 i n M / k g  we t  wt .  
8. PAGE, MOELEY and 50 mMlkg 

LEwis ? dry wt. 
9. This paper 23.3 133 2.0 10.8 28.2 

Uncorrected for extrafiber space (6% of fiber water), b Corrected 
for extrafiber space (6% of fiber water). 

t he se  f ibers  a re  concerned ,  t h e y  a re  in  f a i r ly  good agree-  
m e n t  w i t h  t hose  r e p o r t e d  b y  o t h e r  workers ,  as s h o w n  in 
T a b l e  I I .  McLAuGHLIN a n d  HINKE ~ found  b a r n a c l e  f ibers  
(in 1964) to  h a v e  a h i g h  N a  c o n t e n t .  The  r ea son  for  t h i s  
d ive rgence  could  h a v e  b e e n  t h e  use b y  t h e m  of 25mM 
Tris NO 3 as  buffer ,  as wel l  as a l lowing  f ibers  to  soak  for  
v a r y i n g  pe r iods  in a r t i f ic ia l  sea  w a t e r  c o n t a i n i n g  such  a 
h i g h  c o n c e n t r a t i o n  of Tris. T h i s  is t h o u g h t  t o  b e  so 
because  t h e r e  is ev idence  f r o m  e x p e r i m e n t s  w i t h  b a r n a c l e  
f ibers  t h a t  t h e  p resence  of Tris i n  t h e  b a t h i n g  m e d i u m  
leads  to  p r o l o n g a t i o n  of t h e  e q u i l i b r a t i o n  t i m e  of in j ec ted  
**Na (BITTAR et  al. unpub l i shed ) .  

GAYTON et  al. e h a v e  sugges ted  t h a t  a low N a  a n d  K 
c o n t e n t  in  f ibers  is a n  i n d i c a t i o n  of aging.  Howeve r ,  t he  
d i s t r i b u t i o n  of N a  a n d  K in  r e l a t i o n  to  ag ing  is supposed ly  
rec iprocal ,  i.e. t h e r e  is a ga in  in N a  a n d  a loss in  K.  I t  
would  a p p e a r  (to me) more  l ike ly  t h a t  a low N a  a n d  K 
c o n c e n t r a t i o n  is a cha r ac t e r i s t i c  of f ibers  f rom m o u l t i n g  
ba rnac les .  Th i s  poss ib i l i ty  is now b e i n g  i n v e s t i g a t e d t  

Zusammen/assung. E s  w a r d e n  A n a l y s e n r e s u l t a t e  f iber 
den  I o n e n g e h a l t  yon  e inze lnen  Muske l f a se rn  de r  E n t e n m u -  
schel,  Balanus nubilus, m i t g e t e i l t .  E s  w u r d e n  U n t e r s c h i e d e  
nachgewie sen  in  de r  I o n e n k o n z e n t r a t i o n  v e r s c h i e d e n e r  
Fase rn ,  d ie  yon  d e m s e l b e n  Muske lbf inde l  i so l ie r t  w o r d e n  
waren .  
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Penicil lamine Induced Changes in Growing Rats. II. Liver Parenchymal Cell 

D-Penic i l l amine  is a c h e l a t i n g  a g e n t  a l m o s t  specific 
for  copper ,  b i n d i n g  t he  m e t a l  p r e s e n t  in  t h e  b o d y  1 a n d  
i n h i b i t i n g  t h e  i n t e s t i n a l  u p t a k e  3. Therefore ,  pen ic i l l amine  
is genera l ly  app l i ed  for  p r o p h y l a x i s  a n d  t h e r a p y  of 
Wi l son ' s  disease~, *. Th i s  a u t o s o m a l l y  i n h e r i t a b l e  coppe r  
s to rage  disease  is c h a r a c t e r i z e d  b y  a de f ic iency  of cerulo-  
p l a s m i n  a n d  depos i t s  of c o p p e r  in  l iver,  b ra in ,  k i d n e y  
a n d  co rnea  5. T h e  h u m a n  b o d y  n o r m a l l y  c o n t a i n s  a b o u t  
100 m g  of copper ,  98% of w h i c h  is b o u n d  to  cerulo-  
p l a smin ,  a n  xcg lobu l in .  Th i s  coppe r - p r o t e i n  c o m p l e x  is 
n o t  tox ic  a n d  ac t s  as a fe r rooxidase  in s y n t h e s i z i n g  i ron-  
c o n t a i n i n g  e n z y m e s  in  t h e  r e s p i r a t o r y  c h a i n e , L  Copper  
is a c o n s t i t u e n t  of oxidases ,  e.g. x a n t h i n e  oxidase ,  ur icase,  
a m i n e  ox idase  of mic robod ies  s a n d  c y t o c h r o m e  ox idase  
of m i t o c h o n d r i a l  c r i s t ae  9. All  t he se  enzymes ,  e x c e p t  
a m i n e  oxidase,  f unc t i on  as so-cal led t e r m i n a l  ox idases  
in  t h e  l a s t  s t ep  of b iological  o x i d a t i o n  processes.  Cyto-  
c h r o m e  ox idase  t r ans f e r s  t h e  h y d r o g e n  f r o m  s u b s t r a t e  
to  o x y g e n  a t  t he  end  of t h e  r e s p i r a t o r y  cha in .  Ur icase  
a n d  x a n t h i n e  ox idase  ca t a ly se  t h e  t e r m i n a l  o x i d a t i o n  
of pur ines ,  a n d  a re  ab le  t o  i n t e r a c t  t h e m s e l v e s  w i t h  
mo lecu l a r  o x y g e n  3. 

T h e  p r e s e n t  p a p e r  dea ls  w i t h  q u a n t i t a t i v e  u l t r a s t r uc -  
t u r a l  changes  in r a t  l ive r  cells a f t e r  l o n g - t e r m  a p p l i c a t i o n  
of Pen ic i l l amine ,  e x a m i n e d  b y  m e a n s  of s tereological  
m e t h o d s .  The reby ,  m i t o c h o n d r i a  a n d  microbodies ,  t h e  
m a i n  s i tes  of c o p p e r - c o n t a i n i n g  enzymes ,  were  espec ia l ly  
cons idered .  
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