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The Quantitative Estimation of the Changes Induced by Benzydamine in the Mitochondria of De.  
veloping Mouse Hepatocytes 

E x p e r i m e n t s  on  t he  effects  of b e n z y d a m i n e  on  devel-  
op ing  mouse  h e p a t o c y t e s  h a v e  b e e n  car r ied  ou t  1. U l t r a -  
s t r u c t u r a l  changes  found  d u r i n g  these  e x p e r i m e n t s  
ind ica te  t h a t  b e n z y d a m i n e  causes  e longa t ion  of t h e  m a j o r  
m i t o c h o n d r i a l  axis  and  increase  of t h e  r a t i o  of t h e  
v o l u m e  of t he  c r i s tae  to  the  v o l u m e  of t he  m i t o c h o n d r i a .  
I n  t h i s  no te  we p r e sen t  q u a n t i t a t i v e  e s t i m a t i o n s  of these  
changes  in t h e  m i t o c h o n d r i a  p r o v o k e d  b y  b e n z y d a m i n e .  
Fo r  t h i s  pu rpose  t h e  coeff ic ient  ~/ is i n t r o d u c e d  a n d  i ts  
va lue  is ca lcu la ted  for 2 m i t o c h o n d r i a l  popu la t ions ,  one 
n o r m a l  (*/,) a n d  t h e  second f rom b e n z y d a m i n e  t r e a t e d  
mice  (*/b)" The  coeff ic ient  ~ is def ined  us ing  t he  f o rmu la  
sugges ted  b y  WEIBEL e t  al." for v o l u m e  f rac t ions  of 
cel lular  componen t s .  

The  def in i t ion  of t he  coeff ic ient  ~ is as follows: 

Vvc (~) 
Vv m 

where  Vvc deno tes  t h e  v o l u m e  f r ac t ion  occupied  b y  
c r i s tae  a n d  Vv m deno te s  t h e  v o l u m e  f r ac t ion  occupied  
b y  m i t o c h o n d r i a .  Fo r  t h e  ca lcu la t ion  of v o l u m e  f rac t ions  
t h e  gr id  c o n t a i n i n g  10,000 t e s t  p o i n t s  pe r  1 0 0 c m  ~, 
p r e p a r e d  acco rd ing  to  WEIBEL et  al. 2, is p u t  r a n d o m l y  
on  100 e lec t ron  m i c r o g r a p h s  (d imens ions  1 8 •  
t a k e n  f rom t h e  h e p a t o c y t e s  of t he  n o r m a l  a n d  bel lzyd-  
a m i n e  t r e a t e d  mice. T he  con t ro l  p o p u l a t i o n  con t a in s  498 
m i t o c h o n d r i a .  525 m i t o c h o n d r i a  f rom b e n z y d a m i n e  
t r e a t e d  mice  r e p r e s e n t  t h e  e x p e r i m e n t a l  p o p u l a t i o n  of 
t he  organelles .  
The  fo rmu la  E4~ f rom ~ is appl ied.  Accord ing  to  th i s  fo rmula :  

Pc Pm 
V~'c = PTT and VVm = PTT 

Afte r  t r a n s f o r m a t i o n  we o b t a i n :  

P, 
n = ~ (b) 

where  Pc is equa l  to  t he  s um  of t e s t  p o i n t s  ly ing  over  all  
Crisl:ae of t h e  con t ro l  or  e x p e r i m e n t a l  m a t e r i a l  a n d  P ~  
is equa l  to  t h e  sum of all  t e s t  p o i n t s  ly ing  over  t he  whole  
a rea  of t h e  co r r e spond ing  p o p u l a t i o n  of t he  m i t o c h o n d r i a .  
Us ing  t h i s  f o rmu la  we f ind t he  va lue  of */c to  be  equa l  to  
16.53 a n d  for t h e  *~b t h e  v a l u e  25.44 is ob ta ined .  

F o r  t h e  s t u d y  of t h e  b e h a v i o u r  of single m i t o c h o n d r i a  
in t h e  con t ro l  a n d  e x p e r i m e n t a l  popu la t ion ,  t he  coeff icient  
2/ is ca lcu la ted  for each  m i t o c h o n d r i o n  s epa ra t e ly  a n d  
t h e n  for  t h e  va lues  of ~c and  ~b o b t a i n e d  for  t h e  whole  
p o p u l a t i o n s  of m i t o c h o n d r i a  a s t a t i s t i ca l  ana lys i s  is 
appl ied.  Fo r  t he  ca lcu la t ion  of U for each  m i t o c h o n d r i o n  
separa te ly ,  t h e  fo rmu l a  (b) is used, b u t  in  th i s  case Pc 
is equa l  to  t h e  sum of the  t e s t  po in t s  ly ing  over  c r i s tae  
of on ly  one m i t o c h o n d r i o n  a n d  P ~  is equa l  t he  s um of  
t e s t  p o i n t s  ly ing  over  t h e  a rea  of one m i t o c h o n d r i o n .  The  
resu l t s  of th i s  p rocedu re  m a y  be  seen in  t h e  Figure.  Th i s  
f igure  shows t h a t  t h e  coeff ic ients  ~ are d i s t r i b u t e d  in t he  
fol lowing w a y :  t h e  coeff icients  ~b of t h e  b e n z y d a m i n e  
t r e a t e d  m i t o c h o n d r i a  are  sh i f t ed  in t he  d i rec t ion  of 
g rea t e r  values ,  whi le  t he  coeff icients  ~c of t h e  con t ro l  
m i t o c h o n d r i a  are  l imi t ed  b y  smal le r  values.  I t  is i n t e r e s t i ng  
to  no te  t h a t  t h e  mode  assumes  d i f fe ren t  va lues  for con t ro l  
a n d  e x p e r i m e n t a l  m i t o c h o n d r i a .  I n  t he  case of con t ro l  
m i t o c h o n d r i a  t h i s  va lue  is equa l  to  15.6, whi le  for exper i -  
m e n t a l  m i t o c h o n d r i a  t he  va lue  24.4 is found.  T he  dif- 
ference b e t w e e n  these  2 va lues  shows t h a t  t he  mi to -  
c h o n d r i a  f rom con t ro l  a n d  b e n z y d a m i n e  t r e a t e d  mice  
represen~ 2 s t a t i s t i ca l ly  d i f f e ren t  popu la t ions .  

The  d a t a  p r e sen t ed  in th i s  p a p e r  show c lear ly  t h a t  
b e n z y d a m i n e  causes  t he  increase  of t h e  v o l u m e  of i n t e r n a l  
m e m b r a n e s  pe r  m i t o c h o n d r i o n ,  con f i rming  t he  conclu-  
sions d r a w n  p rev ious ly  f rom u l t r a m o r p h o l o g i c a l  s t u d y  1. 
Th i s  does no t  necessar i ly  m e a n  a n  increase  in t he  level  
of a c t i v i t y  of m i t o c h o n d r i a l  enzymes ,  since a u g m e n t e d  
v o l u m e  of i n t e r n a l  m e m b r a n e s  m a y  c o n c e r n  p r i m a r i l y  
t he  s t r u c t u r a l  p ro te ins .  The  resu l t s  of o the r  i nves t i ga t i ons  
on  enzymic  i n d u c t i o n  3 suggest ,  however ,  t h a t  i t  is reason-  
able  to  expec t  a n  increase  in t h e  level  of a c t i v i t y  of a t  
leas t  some m i t o c h o n d r i a l  enzymes  in b e n z y d a m i n e  
t r e a t e d  mouse  l iver  *. 
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A frequency diagram of the coefficients ~c and ~b" The ordinate 
gives the number of observations and the abscissa the values of the 
coefficients. The shift of the values of ~]b for mitoehondria of benzyd- 
amine treated mice in the direction of greater values is clearly seen. 

Riassunto. Gli a u t o r i  h a n n o  s t u d i a t o  l ' e f fe t to  del la  
B e n z i d a m i n a  sui m i t o c o n d r i  di epa toc i t i  di  t opo  dal  3 ~ 
al  5 ~ g iorno di  v i ta .  ~ s t a to  i n t r o d o t t o  u n  coeff ic iente  
pe r  la v a l u t a z i o n e  q u a n t i t a t i v a  delle a l terazioni .  La  
B e n z i d a m i n a  p rovoca  u n  a u m e n t o  del  r a p p o r t o  f r a i l  
v o l u m e  delle (~cristae>> e i l  v o l u m e  dei  m i t o c o n d r i  corri-  
sponden t i .  
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