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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 .  

1 j .  M. WALSHE, Am. J. Med. 21, 487 (1956). 
2 p. M. WEBER, S. O'REILLY and M. POLLYCOVE, J. nucl. Mad. 

10, 519 (1969). 
s S. B. OSBORN and J. M. WALSHE, Lancet 19581I, 70. 
* I. STERNLIEE and I. H. SCHEINBERG, New Engl. J. Ned. 278, 352 

(1968). 
5 j .  M. WALSHE and J. N. CUmNGS, Wilson's Disease. Some Current 

Concepts (Blaekwell Science Publ., Oxford 1961). 
e E. FRIEDEN, Scient. Am. 1968, 103. 
7 S. SEN, J. Ind. reed. Ass. 52, 182 (1969). 
s Z. HRUBAN and M. RECHdIGL, Microbodies and Related Particles 

(Academic Press, New York, London 1969), p. 149. 
9 A. WHITE, PH. HANDLER and E. L. SmTH, Principles of Bio- 

chemistry (McGraw-Hill, New York 1968). 
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Material and methods. Six-week-old  male  W i s t a r  ra t s  
were g iven 200 mg  n -Pen ic i l l amine  (Distamine,  DISTA, 
Liverpool)  in t a p  w a t e r  da i ly  for 7 weeks  in t ragas t r ica l ly .  
Liver  t i ssue  of 3 t r e a t ed  and  3 cont ro l  an imals  was  f ixed 
in 1% s-coll idin buf fe red  OsO 4 a t  4°C and  e m b e d d e d  
in E p o n 8 1 2  a f t e r  d e h y d r a t i o n  in g raded  alcohols.  
12 t i ssue  blocks  of each  an imal  were prepared .  Morpho-  
met r ic  p rocedure  bas ical ly  fol lowed the  m e t h o d  descr ibed 
by  WEIBEL 10. 3 blocks  per  an imal  were t a k e n  for r andom-  
sampl ing  and  u l t r a th in  sect ions  ( in terference color:  
silver). Three  e lec t ron  mic rographs  per  sec t ion  were  
made  a t  a magn i f i ca t ion  of × 5000 and  ana lysed  wi th  a 
quad ra t i c  la t t ice  of 841 t e s t  points**. In  addi t ion ,  3 
mic rographs  a t  a p r i m a r y  magn i f i ca t ion  of ×10,000 
were enlarged w i t h  t he  mu l t ipu rpose  t e s t  screen n.  The 
following p a r a m e t e r s  were  cons idered :  

au g men t a t i o n ,  F igure  5). All the  m o r p h o m e t r i c  resul ts  
ob ta ined  are s u m m a r i z e d  in Table  I and  II .  

Discussion. The m o s t  s t r ik ing  m o r p h o m e t r i c  f indings  
a f te r  long- te rm Penic i l lamine  app l ica t ion  are a doubl ing  
of vo lume  dens i ty  of microbodies  per  h e p a t o c y t e  and  a 
mass ive  a u g m e n t a t i o n  of the  surface of mi tochondr i a l  
cr is tae  and  outer  m e m b r a n e  (Figures 1 and  2). Micro- 
bodies  are known  to  con ta in  2 copper  enzymes  involved  
in i n t e r m e d i a r y  metabo l i sm,  i.e. uricase and  x a n t h i n e  
oxidase  s. Therefore ,  a re la t ion  be tween  se rum copper  
level and  vo lume  of microbodies  is probable .  In  a morpho-  
met r ic  s tudy ,  t he  deser t  rat ,  hav ing  avai lable  only  the  
p ro d u c t  of cel lular  ox ida t ive  processes  as sole source of 
water ,  showed a large n u m b e r  of smal l  microbodies .  In  
compar i son ,  W i s t a r  ra t  l iver  cells revealed  less numerous  
b u t  larger  microbodies  14. F u r t h e r m o r e ,  an increased 

Compartment, organelle Symbol 

Nucleus N 
Extracellular spaee 
Amorphous cytoplasmic components 
Rough endoplasmic reticulum RER 
Smooth endoplasmie reticulum SER 
Glycogen GLY 
Fat FAT 
Mitoehondria M 
- Mitochondrial cristae MC 
- Mitochondrial outer membrane MO 
Mierobodies MB 
Golgi field GF 
Lysosomes LY 

Abbreviations: N A, number of particles within the unit area (em-2); 
Nv, numerical density, indicating the number of particles in the 
unit tissue volume (cm-Z); Vv, volume fraction of tissue occupied 
by a compartment (cmS/cma); IL, density of intersections on test 
line length (cm-I); Sv, surface density, measuring the surface of 
membranes in the unit tissue volume. 

S ta t i s t i ca l  eva lua t ion  inc luded m e a n  values,  s t a n d a r d  
dev ia t ion  and  s t a n d a r d  er ror  (S.E.).  The s ignif icance 
was  ca lcu la ted  by  m e a n s  of S t u d e n t  t- test .  All these  
calcula t ions  were done  wi th  t he  aid of a Ol ive t t i  Pro-  
g r a m m a  101 compute r .  

Results. B o d y  we igh t  of cont ro l  r a t s  increased a b o u t  
125% dur ing  the  t i m e  span  of t he  expe r imen t ,  whereas  
Penic i l lamine  t r e a t ed  ra t s  ga ined  only  abou t  25% of 
weight .  

U l t r a s t r u c t u r e  of h e p a t o c y t e s  a f te r  l ong- t e rm Penici l -  
lamine  t r e a t m e n t  d id  no t  differ  m a r k e d l y  f rom normal  
l iver p a r e n c h y m a l  cells as descr ibed  prev ious ly  l~, a3. 
Especial ly ,  no ob jec t ive  changes  were  no ted  in S E R ,  
R E R ,  lysosomes,  bile canaliculi ,  or  microvil l i .  Micro- 
bodies  and  m i t o c h o n d r i a  seemed to  be enlarged (Figures 1 
and  2), t he  l a t t e r  showing  ve ry  numerous  cr is tae  and  
an una l t e r ed  e lec t ron  dens i ty  of the i r  mat r ix .  

Morphome t r i c  analys is  revealed  s ignif icant  changes  of 
m i tochondr i a  and  microbodies  only  (Figures 1 and  2). 
Whi le  t he  single mi tochondr i a l  vo lume  (VvM/NvM) only  
s l ight ly  increased (13%, Figure  3), t he  values  for surface 
dens i ty  of ou te r  m e m b r a n e s  (68% augmen ta t ion )  and  
cr is tae were  cons iderab ly  h igher  (84% augmen ta t i on ,  
Figure  4). This  increase in mi tochondr i a l  surface dens i ty  
per  un i t  vo lume  l iver  t i ssue  (SvMo, SvMe) was  the  s ame  
in re la t ion  e i ther  to  a s ingle m i tochond r ion  (SvMe/NvM) 
or to  a single h e p a t o c y t e  (SvMe/Nv~cH, SVMO/NVNH, 
Table  II). Volume dens i t y  of microbodies  per  h e p a t o c y t e  
VVMB/Vva) showed near ly  twice  the  ini t ia l  values  (41% 

onrvv, 

I 
°l t I f !!t 

lo0o vv__~, i~ , .  VVIIII , 

100 - 

[ 0  • SvMc 
NvM 

1 

Fig. 1. VvM/Vvn, volume density of mitochondria per hepatocyte 
slightly increased after Penicillamine treatment (black column). 
White column = control. VvM]NvNH, absolute volume of mito- 
chondria per hepatocyte somewhat higher after Penicillamine treat- 
ment (black column). White column = control. SvMc]Nwt, surface 
density of mitochondrial cristae per mitochondrion nearly doubled 
after Penicillamine treatment (black column). White column = con- 
trol. Electron micrographs comparing liver mitochondria of control 
rat (K) and Penicillamine-treated rat (P). Note greater number of 
cristae in enlarged mitochondria after Penicillamine treatment (P). 
x 13,333. 

t 0  E. R. WEIBEL, Int. Rev. Cytol. 26, 235 (1969). 
** E. R. WEIBEL, G. S. I<[STLER and W. F. SCHERLE, J. Cell Biol. 

30, 23 (1966). 
as D. W. FAWCETT, J. natn. Cancer Inst. 15, 1475 (1955). 
la C. BRuin and K. R. PORTER, Am. J. Path. d6, 691 (1965). 
14 U. N. RIEDE, H. P. ROHR and Y. RASSER, Aeta anat., in press 

(1971). 
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a m o u n t  of smal l  microbodies  was  r epor ted  a f te r  appl ica-  
t ion  of acetylsal icyl ic  acid ~. This  subs tance  is said to  
be me tabo l i zed  by  enzymes  of microbodies  Is. Such 
a l t e ra t ions  of microbodies  sugges t  t h a t  h igh  func t iona l  
d e m a n d s  m a y  inf luence shape  and  vo lume  of micro-  
bodies.  

Two in t e rp r e t a t i ons  for our  f indings  of a l t e red  micro-  
bodies  a f t e r  Pen ic i l l amine  t r e a t m e n t  are  g iven:  The  
fo rma t ion  of mic robod ies  is e i ther  d i rec t ly  inh ib i t ed  b y  
the  coppe r  def ic iency,  or  func t iona l  eff ic iency of  enzymes  
in t h i s  organel le  becomes  poor.  As a consequence  of  t h i s  
l a t t e r  poss ib i l i ty ,  t h e  t u r n o v e r  of microbodies  would  be 

ii;;i;iii;i 
ZO .............. 

Fig. 2. VV~B/VvH, volume density of micro- 
bodies per hepatocyte conspicuously increased 
after Penicillamine treatment (black column). 
White column = control, V v ~ / N v ~ ,  abso- 
lute volume of micrgbodies per hepatocyte 
markedly higher after Penicillamine treatment 
(black column). White column = control. 
Electron micrographs: Liver microbodies 
(MB) of control rat (K) and Penicillamine- 
treated rat (P). Note the presence of nucleid 
in microbodies after Penicillamine treatment 
and the enlargement of the organelle. × 6,666. 

s lower and  the  life span  of t he  popu la t ion  prolonged.  
The  presence  of nucle id  favors  t he  second suggest ion.  
Since nucle id  con ta ins  uricase and  x a n t h i n e  oxidase  S, 
one would  ex p ec t  a lack of nucle id  a f te r  long-s t and ing  
Penic i l l amine  t r e a t m e n t .  

In  our  expe r imen t ,  mi tochondr i a ,  moreover ,  revealed  
a consp icuous  increase in t h e  surface of the i r  cr is tae.  
A func t iona l  r e l a t ionsh ip  be tween  th is  a l t e ra t ion  and  the  
c u p r o e n z y m e  c y t o c h r o m e  oxidase,  localised in mi to-  
chondr ia l  c r i s tae  x* can  be assumed.  T r e a t m e n t  w i t h  
Cuprizone,  an  o t h e r  che la t ing  agen t  for  copper ,  resul ts  
in an  increase  in  cr is tae  of n o r m a l  shaped  m i t o c h o n d r i a  
and  leads  to  t he  fo rma t ion  of g i an t  m i t o c h o n d r i a  i s  The  
en l a rgemen t  of t h e  mi tochondr i a l  ou te r  m e m b r a n e  is 
supposed  to  be  func t iona l ly  re la ted  to  a m i n e  oxidase  is. 
Th i s  coppe r -con ta in ing  en zy me  of t h e  ou te r  m e m b r a n e  x~ 
m a y  be a l te red  b y  the  Cuprizone induced  copper  de- 
f ic iency is. 

On the  o the r  hand ,  a loss of mi tochondr i a l  m e m b r a n e s  
in g ian t  m i t o c h o n d r i a  a f te r  Cuprizone t r e a t m e n t  is 
reportedlS.  In  our  e x p e r i m e n t s  w i th  Penic i l lamine,  how- 
ever,  as well  as a f te r  copper -def ic ien t  d ie t  l~, t he  enlarge-  
m e n t  of m i t o c h o n d r i a  was  no t  conspicuous  and  a loss 
of m e m b r a n e s  could no t  be conf i rmed.  These  differences  
suppose  t h a t  t h e  2 copper  che la t ing  agents ,  Penic i l lamine  
and  Cuprizone,  m u s t  have  d i f fe ren t  s i tes  of ac t ion  on the  
subcel lu lar  level. 

Gian t  m i t o c h o n d r i a  have  been  descr ibed in m a n y  
o the r  def ic iency  condi t ions ,  such as r ibof lav in  de- 
f ic iency ~0, essent ia l  f a t t y  acid def ic iency zz. Af te r  Penici l-  

zs H. H. HUEBNER and H. P. RoHg, Beitr. path. Anat. 139, 362 
(1969). 

zs Z. HRUBAN, H. SWtFT and A. S~ESEgS, Lab. Invest. 15, 1884 
( 1 9 6 6 ) .  

1~ j .  R. GOOI)MAN and P. R, DALe.MAN, Proc. 25th Ann. EMSA 
Meeting (Ed. C. J. ARCENEAUX; Claitor's Bookstore, Louisiana 
1967), p. 164. 

is K. SuzuKI and Y. KIEKAWA, Am. J. Path. 54, 307 (1969). 
1~ C. SCttSmTMAN, V. G. ERWIN and J. W. GREENAWALT, J. Cell 

Biol. 32, 719 (1967). 
20 B. TANDLER, R. A. ERLANDSON and E. L. WYNDER, Am. J. Path. 

52, 69 (1968). 
=z j .  W. WILSON and E. H. LEDUC, J. Cell Biol. 16, 281 (1963). 

I.OrVvN 

~uu [ N v N x ~  

Fig. 3. NA~t, number of mitochondria within unit area. NvM, number 
of mitochondria per unit liver tissue. No significant change after 
Penicillamine treatment (black column). White column = control. 
VvM/Nwt, single mitochondrial volume slightly increased after 
Penicillamine treatment (black column). NvM/NvNH, number of 
mitochondria per hepatocyte not significantly influenced by Penicil- 
lamine treatment (black column, white column = control). 

1,401 ~vMo~ 
0.90 I 
0,50 j- 

Fig. 4. ILMo, density of intersections on test line length with mito- 
chondrial outer membrane. SvMo, surface density of mitochondrial 
outer membrane per unit volume liver tissue : Significant augmenta- 
tion after Penicillamine treatment (black column). White column = 
control. ILMe, density of intersections on test line length with 
mitochondrial cristae. Sv~e, surface density of mitochondrial 
cristae per unit volume liver tissue: Significant augmentation after 
Penicillamine treatment (black column). 
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Table I. Morphometric basic values 

Symbols Control S.E. Penicil- S.E. Probability 
rats lamine 

treated 
rats 

N*s~ 4.366 0.344 3 . 8 8 0  0.087 not significant 
V v ~  0.025 0 . 0 0 2  0 . 0 1 3  0.007 not significant 
N*~ 17.656 1 . 3 9 5  19 .370  0.537 not significant 
I~zo 7.245 0.802 11.987 0.304 < 0.01 
Ir~Mc 4.599 0.674 8 . 4 7 7  0.325 < 0.005 
N.~ 3.645 0 . 1 9 8  4 . 7 7 7  0.501 not significant 
Vv~t~ 0.013 0 . 0 0 7  0.019 0.001 < 0.025 
Vvg~g 0.201 0 . 0 1 5  0.179 0.029 not significant 
Vvaxg 0.140 0 . 0 1 8  0 . 1 0 0  0.018 not significant 
Vw~ 0.004 0 . 0 0 1  0 . 0 0 5  0.002 not significant 
VvH 0.862 0 . 0 1 2  0 . 8 3 9  0.013 not significant 

l amine  appl ica t ion,  however ,  th i s  mi tochondr i a l  t rans -  
f o rma t ion  c a n n o t  be de tec ted .  The  m e c h a n i s m s  respon-  
sible for t he  increase of mi tochondr i a l  cr is tae  are no t  
ye t  unders tood .  W~LSON and  LEDUC ~ in t e rp re t ed  the  
mi tochondr i a l  e n l a r g e m e n t  in essent ia l  f a t t y  acid de- 
f iciency as a nega t ive  feed-back  m e c h a n i s m :  The a l te red  
molecular  a rch i t ec tu re  of mi tochondr i a l  m e m b r a n e s  is 
p r e s u me d  to  be due  to  a r e p l a c e m e n t  of t h e  lacking 
essent ia l  f a t t y  acids  by  u n s a t u r a t e d  ones.  As a result ,  
t he  ox ida t i ve  phosphory la t ion ,  a n d  consequen t ly  t h e  
p roduc t i on  of ATP,  would  be  d imin ished .  Thus,  t h e  m a i n  
source of cell ene rgy  would  be  exhaus t ed .  This  lack of  
ene rgy  would  t h e n  ac t  as a t r igger  for t h e  g r o w t h  of 
m i tochondr i a l  subs t ance  fo rming  add i t iona l  cr is tae.  

Analogous ly  to  th i s  hypo thes i s ,  Pen ic i l l amine- induced  
increase  in mi tochondr i a l  c r i s tae  could be i n t e rp re t ed  as 
a defec t ive  c o m p e n s a t i o n  of ineff ic ient  m e m b r a n e - b o u n d  
enzymes .  

Table II. Correlated values 

Symbols Control Penicillamine 
rats treated rats 

NvsH (× 106) 0.000180 0.000154 
VvM/Nv~H (668) 4791.255 5451.261 
VvNH/NVNH {era ~) 291.883 328.792 
Vv~n/VvH (cmS/cm ~) 0.060920 0.060307 
VvM/VvH (cmS/cm *) 0.149665 0.186710 
Vv~/NvN~ (era s) 0.519412 1.069232 
Nwt (x 10 TM) 0.198452 0.192141 
VvM/Nvx (bt s) 0.754162 0.971734 
Nv~/Nv~ 1102.511 1247.668 
Swc (m2/em s) 0.845760 1.488171 = 
SvMc/Nv~a (~) 4698.666 9663.448 
SvMo (m2/cm s) 0.372643 0.616182'. 
SvMo/NvN~ (ix ~) 2070.238 4001.181, 
Sv~o/Nv~ ([~) 1.877758 3.206942 = 
NVMB 0.066937 0.080569 
VV~B/NvMB ( [z  =) 0.173013 0.197768 ~ 
NVM~/NvNH 371.872 523.175 
Vv~/VvH (cma/cm 3) 0.013428 0.018978 '~ 
VVMB/Nv~H (I/s) 64.338 103.467 = 
VVLY/VvH (cmS/cm 3) 0.003701 0.005397 
VwErdVva (cma/cm 3) 0.205552 0.186108 
Vv~za/Nv~a (~) 984.855 1014.655 
Vvmao/Nv~H (~0) 286.661 427.766 
VVSB~/VvH (emblem ~) 0.143172 0.103618 
Vvsss /Nv~ (~) 685.977 564.922 
Vvo~/Vvn (em~/crn ~) 0.176923 0.129044 
Vvor~/Nv~r~ (1/. 2) 847.683 703.545 
VvoF/Vvn (em*lcm a) 0.004609 0.005827 
Vwr/Nv~H (~t ~) 22.083 31.772 
VvrA:r/Vva (em~/cm ~) 0.003838 0.003296 
Vw~/Nv~H (ix s) 18.388 17.974 

* Correlated values resulting from statistically significant basic values. 

5 NAI,IB 0.I0 [ NVMB 

020f Vws 

J 
1000[ HvM6 
800}- Nv~R 
500 l 

Fig. 5. N,Ma, number of microbodies within unit area. NvMa, 
number of mierobodies per unit volume liver tissue: No significant 
change after Penieillamine treatment (black column}. White col- 
umn = control. VVM~INvMB, single volume of microbodies signifi- 
cantly increased after Penicillamine treatment (black column). 
White column = control. NVMBINvN~, number of microbodies per 
hepatocyte: No significant change after Penicillamine treatment 
(black column). 

Zusammen[assung. D-Penici l lamin als K u p f e r c h e l a t o r  
bewi rk t  im Langze i tve r such  eine isolierte Ver i tnderung  
der  s tereologischen P a r a m e t e r  der  Mi tochondr ien  und  
der  ,m i c r o b o d i e s , .  ZusammenhAnge  m i t d e r  Akt ivi t i i t s -  
h e m m u n g  kupfe rha l t ige r  O x y d a s e n  in den  be iden  Zell- 
organel len werden  ve rmu te t .  
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An Elec trophys io log tca t  S t u d y  of H u m a n  Foeta l  Cardiac  Musc le  

Al though  ex tens ive  i n f o r m a t i o n  is ava i lab le  on t h e  
t r a n s m e m b r a n e  ac t ion  po t en t i a l  of h e a r t  muscle  f rom 
m a n y  species, t he  f indings  are of l imi t ed  value in assessing 
the  response  to  disease or drugs  in man .  The s t u d y  of 
h u m a n  t r a n s m e m b r a n e  ac t ion  po ten t i a l s  has  been  re- 
s t r ic ted  to  records  ob ta ined  w i t h  f lexible microe lec t rodes  

in s i tu dur ing  cardiac  surgery  1, ~ and  in v i t ro  using pieces 
of a t r i u m or ven t r ic le  excized dur ing  cardiac  surgeryS-L 
These  s tudies  have  been  s o m e w h a t  l imi ted ,  since the  
hea r t  is o f ten  h y p o t h e r m i c  a t  surgery  for opera t ive  
reasons  and  b iopsy  spec imens  are usual ly  ob ta ined  f rom 
hea r t s  d a m a g e d  by  r h e u m a t i c  fever  or o the r  diseases. 


