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R e s p i r a t o r y  Control  in Liver M i t o c h o n d r i a  of Rats  

I t  has  been  repor ted  t h a t  there  are u l t r a s t ruc tu ra l  
changes  which  occur in the  liver mi tochondr i a  of ra t s  
hos t ing  a t u m o r  ~, ~. The mos t  no tab le  change  is swelling 
of a magn i tude  which  usual ly indicates  an uncoupl ing  of 
mi tochondr i a  3. GREENE 4, however ,  was unable  to de t ec t  
a n y  dimif iut ion in oxida t ive  phosphory la t ion  of mi to-  
chondr ia  isolated f rom the  l iver of ra t s  wh ich  were 
hos t ing  the  YValker 256 carcinoma, tumor .  In  the  la t t e r  
expe r imen t s  ox ida t ive  phosphory la t ion  was measured  by  
moni to r ing  ox ida t ion  manomet r i ca l ly  and de t e rmin ing  
A T P  fo rma t ion  by  loss in inorganic  phosphorus .  Sub- 
sequen t  to GREENE'S s tudy  the  m e a s u r e m e n t  of r e sp i ra to ry  
cont ro l  ra t ios  s was in t roduced  for de te rmin ing  the  capa-  
bi l i ty of m i tochondr i a  to car ry  ou t  ox ida t ive  phosphory l -  
at ion.  This  m e t h o d  allows one a more  sensi t ive gauge of 
the  capabi l i ty  of these  organelles to synthes ize  A T P  a,~. 
Because of our  in te res t  in de te rmin ing  if mal ignancies  
d i rec t ly  affect  energy  me tabo l i sm in t he  non neoplas t ic  
t issues of the i r  hosts,  we decided to re inves t iga te  the  
capabi l i ty  of mi tochondr i a  to car ry  out  A T P  synthes i s  b y  
measur ing  resp i ra to ry  control  rat ios.  In  th is  s t u d y  we 
offer an exp lana t ion  for the  a p p a r e n t  incons is tency  
be tween  the  u l t r a s t ruc tu ra l  a l te ra t ions  seen in liver 
mi tochondr i a  f rom t u m o r  bear ing animals  1,2 and  the  
resul ts  of GREENE 4 which suggest  no change in t he  po-  
t en t ia l  of these  mi tochondr i a  to synthes ize  ATP.  We also 
out l ine a m e t h o d  for quan t i t a t i ve ly  de te rmin ing  the  ra te  
of loss of r e sp i ra to ry  control ,  a p rocedure  which  will have  
u t i l i ty  in any  s t u d y  of mi tochondr ia l  func t iona l  in tegr i ty .  

Mater ia l s  and  methods. Male Sprague-Dawley  ra ts  
( approx imate ly  200 g) were in jec ted  s.c. on the  back 
wi th  100,000-200,000 viable Walker  256 t u m o r  ceils 
according to t he  t echn ique  descr ibed by  COLE 7. Bo th  
in jec ted  and unin jec ted  control  animals  were fed Pur ina  
r a t  chow ad l ib i tum and the  amoun t s  ea ten  dai ly  were 
recorded.  The weights  of the  animals  were measured  
every  3 to 5 days  and immedia te ly  before sacrifice. R a t  
l iver mi tochondr i a  were p repared  as descr ibed by  
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Loss in respiratory control of rat liver mitochondria versus time of in- 
cubation at 8~ Rat liver mitoehondria were prepared at 0~C. 
Immediately after preparation the mitochondria were incubated in 
0.25 M sucrose at 8~ with their concentration being adjusted to 
14.5 rag/rot within 30 rain after the incubation had begun. The RCR 
measurements were carried out at the times indicated. The insert 
is the same data plotted as log RCR vs time. The curve and line 
shown were obtained from a linear regression analysis of log RCR vs 
time. The correlation coefficient for first order decay = 0.94. 

H o s t i n g  the W a l k e r  256 C a r c i n o m a  T u m o r  

SCHNEIDER 8. Resp i r a to ry  contro l  ra t ios  (RCR) of t he  
mi tochondr i a  were de t e rmined  as descr ibed by  SORDAHL 
et  al. 9. P ro te in  de t e rmina t i ons  were made  by the  m e t h o d  
Of GORNALL et  al. 1~ 

Resul t s  and  discussion.  In  th is  inves t iga t ion  we were  
par t i cu la r ly  concerned  a b o u t  the  nu t r i t iona l  s t a tus  and  
overal l  hea l th  of the  t u m o r  bear ing animals,  since i t  has  
been suggested by  inves t iga tors  1l charac ter iz ing  cell 
organelles of Morris h e p a t o m a s  t h a t  changes  which occur  
m a y  be due in p a r t  to the  nu t r i t iona l  deficiences and /o r  
degenera t ive  processes which accompany  t u m o r  develop-  
ment .  In  the  p resen t  expe r imen t s  the  overall  hea l th  of t he  
an imal  was judged  by  its weight  gain and food uptake .  
The g rowth  ra te  and average  dai ly food up take  of t u m o r  
bear ing and contro l  animals  were essential ly the  same,  
which suggests  t h a t  the  nu t r i t iona l  s t a tus  of these  an imals  
was s table  t h r o u g h o u t  t he  d e v e l o p m e n t  of the  tumors .  
During th is  per iod the  animals  hos t ing  neop lasms  
developed large tumors  w i th  necrot ic  centers .  The t u m o r  
sizes ranged f rom 4 to 6 cm in d iameter .  

The  resp i ra to ry  cont ro l  ra t ios  of the  liver m i t o c h o n d r i a  
p repared  f rom the  above animals  were measured  over  a 
5-hour per iod dur ing which  t ime the  organelles were 
incuba ted  at  8~ By measur ing  the  loss in r e sp i r a to ry  
contro l  over  a per iod of t ime  we were able to de t e rmine  if 
there  was any  obvious  defec t  in liver mi tochondr i a  f rom 
t u m o r  bear ing animals  which  would cause t h e m  to r ap id ly  
lose the i r  abi l i ty  to ca ta lyze  oxida t ive  phosphory la t ion  
when  they  were r emo v ed  f rom the i r  cellular env i ronmen t .  
Any  s t ruc tu ra l  a l te ra t ion  in i t ia ted  by  the  t u m o r  m i g h t  
cause them to lose A T P  synthes iz ing  capabi l i ty  a t  a 
fas ter  ra te  t h a n  would mi tochondr i a  f rom animals  no t  
bear ing a neoplasm.  The loss of resp i ra tory  control  in r a t  
l iver mi tochondr i a  p repa red  f rom one r ep resen ta t ive  
t u m o r  bear ing animal  is shown in the  Figure.  The : inse r t  
in which log resp i ra tory  cont ro l  rat io is p lo t t ed  aga ins t  
t ime demons t r a t e s  t h a t  the  loss in this mi tochondr ia l  
p r o p e r t y  is a f irst  order  process.  In  7 p repa ra t ions  t he  
correla t ion coefficients ob ta ined  f rom a l inear regression 
analysis  of log R C R  vs t ime  ranged  f rom 0.91 to  0.97, 
while in 2 p repara t ions  it was 0.85 and 0.73, respect ively .  

In  the  Table b o t h  the  initial  r esp i ra to ry  cont ro l  
ra t ios  of freshly p repared  mi tochondr i a  and the  f irs t  order  
ra te  cons t an t s  for loss of r e sp i ra to ry  control  are repor ted .  
The da t a  d e m o n s t r a t e  t h a t  the re  is no s ignif icant  difference 
in e i ther  the  initial  r e sp i r a to ry  contro l  ra t ios  or t he  ra te  
of loss of resp i ra to ry  cont ro l  a t  8 ~ when  m i t o c h o n d r i a  
f rom t u m o r  bear ing animals  are compared  wi th  those  of 
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Initial respiratory control ratio values and first order rate constants 
for loss of respiratory control 

Animal type Initial RCR k 

Tumor bearing 4.25 • 0.88 (4) * --0.143/h =~ 0.035 
Control 4.57 -~ 0.71 (5) b --0.147/h 4- 0.043 ~ 

The tumor bearing animals were treated as described in the methods 
section. I~Ieasurements were carried out on the isolated mitoehondria 
as described in the Figure. The initial RCR and k values reported 
are the means obtained from linear regression analyses carried out 
for the data obtained from each animal. 
a Values reported are • SD. The number of animals are indicated in 
parenthesis, b,CNo significant difference between values obtained 
from eotltrol rats and tumor bearing animals at the 500[0 level, 
bp 0.56, cp 0.88. 

cont ro l  ra ts .  These resul ts  indica te  t h a t  in a p p a r e n t l y  
hea l t hy  animals  wi th  well advanced  t umor s  there  are no 
adverse  changes  occurr ing in mi tochondr i a  which affect  
the i r  abi l i ty  to  p roduce  ATP.  Fur the rmore ,  the  absence  
of any  s ignif icant  difference in the  ra te  of loss of respira-  
t o ry  contro l  be tween  mi tochondr i a  f rom t u m o r  hos t s  and  
those  f rom cont ro l  animals  suggests  t h a t  the  fragi l i ty  
seen in morphological  s tudies  on mi tochondr i a  f rom 
t u m o r  bear ing animals1, 2 is n o t  due to  a direct  effect  
med ia t ed  b y  the  tumor .  This conclusion is suppor t ed  by  
resp i ra to ry  control  m e a s u r e m e n t s  on liver mi tochondr i a  
f rom a t u m o r  bear ing  animal  which  was judged to be near  
d e a t h  s. The r e sp i ra to ry  contro l  rat io was 1.0, which  
ind ica ted  t h a t  t he  mi tochondr i a  could no t  cata lyze A T P  
synthes is  5. This  observa t ion  coupled wi th  the  in format ion  
in the  Table indicates  t h a t  the  morphological  changes  

which  indica te  damage  in mi tochondr i a  t, 2 are p robab ly  
re la ted  more  to  t he  dy ing  process  t h a n  to  a n y  d i rec t  
effect  med i a t ed  by  the  tumor .  

This  inves t iga t ion  underscores  the  necess i ty  of us ing 
t u m o r  bear ing animals  in which  the  degenera t ive  processes  
associated wi th  dy ing  have  n o t  become pronounced .  This  
is especial ly crit ical when  compar ing  the  proper t ies  of 
cellular organelles f rom animals ,  w h e t h e r  t h e y  are ob ta ined  
f rom a neop lasm or non-neoplas t i c  tissue. Fai lure to t ake  
the  overal l  hea l th  of the  an imal  into cons idera t ion  m a y  
compl ica te  i n t e rp re t a t i on  of resul ts  since the  overal l  
physiological  s t a tus  of t he  an imal  m a y  be more  responsible  
for t he  changes  observed  t h a n  is the  presence  of t h e  
neoplasm.  

Summary. The decrease in t he  resp i ra to ry  control  ra t io  
of mi tochondr i a  is a f i rs t  order  process when  these  orga-  
nelles are incuba ted  in isotonic sucrose. Fur the rmore ,  t he  
initial  r e sp i ra to ry  Control ra t ios  and  the  ra tes  of loss in 
r esp i ra to ry  contro l  in l iver mi tochondr i a  f rom ra ts  hos t ing  
the  Walke r  256 carc inoma are no t  s ignif icant ly  d i f fe rent  
f rom the  same proper t ies  of mi tochondr i a  f rom u n t r e a t e d  
animals.  
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Ferri t in  S y n t h e s i s  by  Sp len ic  T u m o r  T i s s u e  of H o d g k i n ' s  D i s e a s e  

Eleva t ed  amoun t s  of ferr i t in  have  been  d e m o n s t r a t e d  
in b o t h  splenic t u m o r  nodules  and  serum of pa t i en t s  w i th  
Hodgk in ' s  disease 1-4. Large quant i t ies  of ferr i t in in 
Hodgk in ' s  t u m o r  t issue could be due to e i ther  a) passive 
up take  and  s torage of se rum ferri t in,  or b) cellular fer- 
r i t in  synthesis .  To d i f ferent ia te  be tween  these  a l ternat ives ,  
we have  s tudied  ferr i t in  synthes is  by  incuba t ing  Hodgk in ' s  
disease splenic t m n o r  t issue and  splenic t issue d i s t inc t  
f rom t u m o r  nodules  w i th  14C-labelled amino  acid followed 
by  double immunodi f fus ion  and  rad ioau tography .  

A 450 g spleen was r emoved  a t  s taging l apa ro tomy  f rom 
an 18-year-old male who p resen ted  wi th  left neck and 
medias t ina l  i nvo lvemen t  bu t  no sys temic  symptoms .  
Cervical node b iospy  revealed Hodgk in ' s  disease, nodula r  
sclerosing type .  Grossly, the  splenic p a r e n c h y m a  was  
dark  red wi th  mul t ip le  pale nodules  measur ing  up to  
1.5 cm in d iameter .  Microscopically,  there  was focal 
ob l i te ra t ion  by  p leomorphic  cellular t u m o r  inf i l t ra tes  w i th  
g ian t  cells of Reed  S te rnberg  type .  Splenic hilar  and  para-  
aort ic  l y m p h  nodes  were also involved b y  tumor ,  bu t  l iver 
and bone mar row was normal .  F ina l  pa tho logy  was Stage 
I I IA.  

�9 A p p r o x i m a t e l y  350 mg of slices f rom e a c h  t issue were 
incuba ted  in Krebs  Ringers  P h o s p h a t e  buffer  p H  7.4 
conta in ing  20 [zCi L-leucine-l~C for 8.5 h a t  37~ The 
slice-buffer mix tu re  was  homogenized ,  100 ~g of  purif ied 
h u m a n  spleen ferr i t in  was added  to  provide  carrier  fer- 
ri t in,  centr i fuged and  clear s u p e r n a t a n t  was dialyzed 

agains t  isotonic saline conta in ing  unlabeled DL-leucine. 
Dialyzed mater ia l  was concen t r a t ed  to one fif th its origi- 
nal  volume and used for immunodi f fus ion  against  r abb i t  
an t i se rum developed agains t  pur i f ied h u m a n  spleen fer- 
r i t in  (center well). Immunod i f fus ion  pla tes  were washed  
in dist i l led water ,  dr ied and placed agains t  Kodak  no- 
screen indus t r ia l  t ype  x- ray  fi lm for 8-12 weeks. 

Double immunodi f fus ion  of incuba ted  pa t i en t  splenic 
t issue ex t rac t s  and  purif ied fer r i t in  f rom h u m a n  spleen 
and liver agains t  r abb i t  an t i sera  to  h u m a n  splenic ferr i t in 
resul ted in a single cont inuous  precipi t in  line which s ta ined 
for b o t h  pro te in  and  iron (Figure, left). Immuno-e lec t ro -  
phoresis  of these  same componen t s  also resul ted in a single 
precipi t in  arc in the  ~- reg ion .  1Radioautography of these  
double  immunodi f fus i0n  p a t t e r n s  (Figure, right) revealed 
t h a t  Hodgk in ' s  disease splenic t u m o r  incuba ted  wi th  ~4C- 
leucine always resul ted in a s t rong  posi t ive  radioauto-  
graph  indicat ing incorpora t ion  of 14C-amino acid into fer- 
ri t in.  U n d e r  ident ical  expe r imen ta l  condi t ions  2 of 3 
incuba t ions  of normal  appea r ing  spleen t issue d i s t inc t  
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