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Organ weights and the succinie dehydrogenase activities in kidneys and livers of rats (mean 4- standard deviation) 

Treatment No. of rats Kidney (g) . 104 Adrenal (g) . 10 e Enzyme activity b 
Body wt. (g) Body wt. (g) Kidney Liver 

Untreated control 
Sham control 
Egg-white injection 
Right nephreetomy 
Combined treatment 

17 37 4- 3.9 44 -4- 8.0 147 4- 16 132 :h 11 
17 38 4- 3.5 51 :h 6.3 145 4- 14 134 -t- 12 
11 38 4- 4.1 53 :[: 12.0 159 4- 28 223 4- 21 a 
12 47 4- 4.7 a 5 3 / :  3.5 126 4- I1 a 143 4- 1S 
12 49 4- 5.3 a 66 :h 18.0 132 4- 13 a 173 -4- 37 

a p of 0,05 or less, b m/~g formazan//~g protein nitrogen/5 min. 

Results and discussion. T h e  lef t  k i d n e y s  of r a t s  s u b j e c t e d  
to  r i g h t  n e p h r e c t o m y ,  w i t h  or  w i t h o u t  egg-whi t e  in jec-  
t ions ,  were  s ign i f i can t ly  h e a v i e r  t h a n  t h o s e  of t h e  cont ro ls ,  
whe rea s  i n j e c t i o n  a l o n e  d i d  n o t  a l t e r  t h e  weigh t .  No  
s ign i f i can t  c h a n g e  i n  t h e  a d r e n a l  w e i g h t  w as  o b s e r v e d  in  
a n y  group .  T h e  e n z y m e  a c t i v i t y  in  t h e  k i d n e y  of i n j ec t ed  
r a t s  showed  a s l igh t  increase  b u t  w i t h  no  s igni f icance  
( P  of 0.8). I n  con t r a s t ,  t h e  a c t i v i t y  in  t h e  r e m a i n i n g  
k i d n e y s  of un i l a t e r a l l y  n e p h r e c t o m i z e d  r a t s  was  signifi- 
c a n t l y  less t h a n  in t h e  controls ,  a n d  a s imi la r  r e d u c t i o n  
was n o t e d  also in t he  r a t s  of t h e  c o m b i n e d  t r e a t m e n t .  
The  d i f ference  b e t w e e n  the se  2 d i m i nu t i ons ,  however ,  
was  n o t  s ign i f i can t  ( P  of 0.4). T h e  e n z y m e  a c t i v i t y  in  t h e  
l ivers  of i n j ec t ed  r a t s  was  s ign i f i can t ly  g r ea t e r  t h a n  in  
t h e  cont ro ls .  

T h e  r e d u c e d  e n z y m e  a c t i v i t y  in  t h e  r e m a i n i n g  k i d n e y s  
of t h e  o p e r a t e d  r a t s  is p r o b a b l y  r e l a t ed  to  t h e  p h e n o m e n o n  
of c o m p e n s a t o r y  h y p e r t r o p h y  itself.  A l t h o u g h  b o t h  
mi toses  a n d  a n a b o l i s m  in t h e  r ena l  cells of c o m p e n s a t o r y  
h y p e r t r o p h y  axe a b o v e  n o r m a l  *,s, t h e  r e n a l  c l ea rance  is 
d i m i n i s h e d  0. T h e  e n z y m a t i c  f u n c t i o n s  of b o t h  r e g e n e r a t -  
ing  a n d  f u n c t i o n a l l y  i m p a i r e d  k i d n e y  cells a re  sub-  
n o r m a l  to,n. T h e  lack  of e n z y m a t i c  c h a n g e  f rom t h e  origi- 
na l  level  in  t h e  k idneys  of b o t h  g roups  of i n j ec t ed  r a t s  
does  n o t  s u p p o r t  t h e  v iew t h a t  t h e  d rop le t  f o r m a t i o n  in- 
vo lves  m i t o c h o n d r i a l  e n z y m e s  x,l~. T h e  work  of o t h e r  en- 
zymes  l ikewise t e n d s  to  cas t  d o u b t  o n  t h e  d i rec t  r e la t ion-  
ship  xa,t4. T h e  h e p a t i c  p a r e n c h y m a l  cells do  n o t  deve lop  

d rop le t s  in  r e sponse  to  p r o t e i n  i n j ec t i on  .5, a n d  t h e  p r e s e n t  
d a t a  do  n o t  p o i n t  t o  a n y  m e a n i n g f u l  r e l a t i on  b e t w e e n  
t h e  e n z y m e s  of k i d n e y  a n d  l iver .  

Rdsumd. L ' a c t i v i t 6  de  la  d6shyd rog6nase  succ in ique  d u  
re in  ou  du  foie ne  p e u t  exp l ique r  la  f o r m a t i o n  de  gou t -  
t e l e t t e s  d e n s  les cellules r6nales  apr~s  i n j e c t i o n  i.p. de  
b l a n c  d 'ceuI  associ6e ou n o n  & une  n~phrec tomie .  

U. K. HWANG TM 

Department o / A  natomy, University o/Queensland 
Medical School, Brisbane (Australia), 
14th February 1967. 

7 D. S. MIYADA and N. B. KURNICK, Fedn Prec. Fedn Am. Socs 
exp, Biol. 20, 404 (1961}. 

a G. C. KENNEDy, Am. J. clan. Nutr. 8, 767 (1960). 
0 F. KO~ISHI and R. W. BRAIDER, Am. J. Physiol. 202, 88 (1962). 

10 j .  OLIVER, Am. J. Meal. 15, 535 (1953). 
n M. WACHSTEI~, J. Histochem. Cytoehem. 3, 246 (1955). 
12 B. J. WAr, LACE, J. Histochem. Cytochem. 8, 105 (1960). 
18 N. KRETCHMER and H. W. DICKERMAN, J. exp. Med. 99, 629 

(1954}. 
14 w. STRAUS, J. biophys, biochem. Cytol. 3, 933 (1957). 
15 W. STRAUS, J. Cell Biol. 20, 497 (1964). 
I~ Present address: Department of Anatomy, Saint Louis University, 

St. Loui% Missouri 63104, USA. 

Experiments on Mitochondrial Swell ing in vivo 

M u c h  work  h a s  b e e n  d e v o t e d  to  t h e  s t u d y  of ac t ive  
swel l ing a n d  c o n t r a c t i o n  of i so la ted  m i t o c h o n d r i a  in  v i t r o  
a n d  a n u m b e r  of chemicM swel l ing agen t s  h a v e  b e e n  de-  
sc r ibed ;  however ,  t h e  i n t r a c e l l u l a r  s igni f icance  of these  
m i t o c h o n d r i a l  changes  r e m a i n s  to  a large  e x t e n t  a m a t t e r  
of con jec tu re .  

M i t o c h o n d r i a  h a v e  been  k n o w n  t o  be  c a p a b l e  of u n d e r -  
go ing  changes  of m o v e m e n t ,  s h a p e  a n d  vo lume ,  also i n  
t h e  l iv ing  cells s ince  t h e  ea r ly  i n v e s t i g a t i o n s  o n  t i ssue  
cu l tu re s  1, a n d  more  r e c e n t  obse rva t ions ,  w i t h  t h e  a id  of  
t h e  phase=con t r a s t  mic roscope  a n d  c i nem i c r og r aphy ,  h a v e  
s h o w n  t h a t  m i t o c h o n d r i a  c a n  be  i n d u c e d  t o  swell  in  r i v e  
b y  a d d i t i o n  to  t h e  t i s sue  cu l tu re  m e d i u m  of a v a r i e t y  of 
chemica l  a g e n t s  such  as 2 , 4 - d i n i t r o p h e n o l  (DNP) ,  
adenos ine  t r i p h o s p h a t e  (ATP),  e t h y l e n e d i a m i n e t e t r a -  
a c e t a t e  (EDTA) ,  a d r e n o c h r o m e ,  as well  as b y  o x y g e n  
d e p r i v a t i o n  a n d  b y  i l l u m i n a t i o n  w i t h  i n t ens e  l i gh t  of 555 

n m  w a v e - l e n g t h  s. Also f l uo roace t a t e  s a n d  d i p h t h e r i a  
toxin4,  ~ h a v e  been  s h o w n  to  i n d u c e  sweUing of m i t o c h o n -  
d r i a  in  r i v e .  These  f ind ings  showed  t h a t  m i t o c h o n d r i a  
m a y  unde rgo  r eve r s ib l e  swel l ing in t h e  l iv ing  cells; how-  
ever,  t h e  ava i l ab le  d a t a  i nd i ca t e  t h a t  m a r k e d  di f ferences  
m u s t  ex i s t  b e t w e e n  t h e  in v i t r o  a n d  t h e  in  v ivo  processes.  
I n  f ac t  t h e  m i t o c h o n d r i a l  swell ing a g e n t s  in  v i v o  inc lude  
c o m p o u n d s  w h i c h  p r e v e n t ,  l ike D N P  a n d  E D T A ,  or  e v e n  
reverse ,  l ike  A T P ,  t h e  a c t i v e  swel l ing of i so la ted  m i t o -  
c h o n d r i a  in  v i t ro .  I n  o rde r  to  g a t h e r  i n f o r m a t i o n  o n  t h e  
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v o l u m e  changes  of m i t o c h o n d r i a  in t h e  l iv ing  cells a n d  
the i r  s ignif icance,  i t  s eemed  of i n t e r e s t  to  t e s t  t h e  effects  
in  v ivo  of in  v i t ro  swell ing agen t s ;  in  p a r t i c u l a r  i t  ap-  
pea red  r e l e v a n t  to  see w h e t h e r  t h e  swell ing agen t s  of 
n a t u r a l  occur rence  in  a n i m a l  t issues,  cal led 'phys io log ica l  'S , 
would  p r o v o k e  m i t o c h o n d r i a l  v o l u m e  increases  also in  
vivo.  "With t h e  e x c e p t i o n  of Ca ++ and ,  pe rhaps ,  of phos-  
p h a t e ,  n o n e  of t h e  ' phys io log ica l  swel l ing a g e n t s '  t e s t e d  
caused  a n y  v i s ib le  effect  on  t he  c o n f o r m a t i o n  of m i t o -  
c h o n d r i a  in  t he  l i v ing  cells used  in t h e  p r e s e n t  stu.dy. 

Experimental. P r i m a r y  1.8-22 h m o n o l a y e r  cu l t u r e s  o n  
glass covers l ips  in  L e i g h t o n  t u b e s  f rom t r y p s i n i z e d  h e a r t s  
of 6 -day-o ld  ch ick  e m b r y o s  were  used.  T h e  cells were  
g r o w n  in H a n k s '  B S S  c o n t a i n i n g  3 %  of f resh  i n a c t i v a t e d  
calf  s e r u m  a n d  0 . 5 ~  of l a c t a l b u m i n  h y d r o l y s a t e  a n d  
i n c u b a t e d  a t  38 °C. T h e  e x p e r i m e n t s  were  p e r f o r m e d  b y  
s u b s t i t u t i n g  t h e  m e d i u m  w i t h  t h e  s ame  v o l u m e  (2 ml)  of  
H a n k s '  B S S  (wi th  or  w i t h o u t  calf  se rum)  c o n t a i n i n g  dis- 
so lved  in i t  t h e  s u b s t a n c e  to  be  t e s t ed .  Cont ro l s  were  
t r e a t e d  in t h e  s a m e  m a n n e r  w i t h  p l a in  H a n k s '  B S S  (with  
or w i t h o u t  calf  serum).  Chemica ls  of t he  h ighes t  g rade  
ava i l ab l e  were  used ;  so lu t ions  were  m a d e  i m m e d i a t e l y  
before  use in glass b id is t i l led  w a t e r  a n d  neu t r a l i z ed  e i t he r  

w i t h  N a O H  or HC1 if necessary .  E a c h  a g e n t  was  t e s t e d  
a t  v a r i o u s  c o n c e n t r a t i o n s  a n d  on  d i f f e ren t  b a t c h e s  of 
cu l tu res .  Af t e r  30 or  60 m i n  i n c u b a t i o n  a t  38 °C, t h e  cover -  
slips were  m o u n t e d  on  a s l ide a n d  e x a m i n e d  a t  t h e  p h a s e -  
c o n t r a s t  microscope.  T e n  fields of t h e  cells l aye r  were  
e x a m i n e d  a t  r a n d o m ;  on  t h e  a v e r a g e  each  field c o n t a i n e d  
a t  l eas t  4 cells. M i t o c h o n d r i a  were  classed in to  3 g r o u p s :  
f i l amen tous ,  t h i c k e n e d  a n d  swollen,  a n d  each  field was  
g r a d e d :  (1) if all  t h e  cells p r e s e n t  in  i t  c o n t a i n e d  f i l amen-  
tous  m i t o c h o n d r i a ;  (2) if  I or  m o r e  cells showed  t h i c k e n e d  
m i t o c h o n d r i a ;  (3) if 1 or  more  cells h a d  swol len  m i t o -  
chondr i a .  T h u s  e a c h  c u l t u r e  was  g r a d e d  f r o m  10-30 ;  
n o r m a l  u n t r e a t e d  a n d  co n t ro l  cu l t u r e s  s h o w e d  m a i n l y  
e l o n g a t e d  t h i n  m i t o c h o n d r i a  in  a g r e e m e n t  w i t h  c lass ical  
d e s c r i p t i o n  a n d  t h e i r  va lues  r a n g e d  f rom 10-13.  I n  n e a r l y  
all i n s t a n c e s  t h e  r e su l t s  were  r e c o r d e d  b y  p h o t o m i c r o -  
g r a p h y .  

Resales. P r e l i m i n a r y  e x p e r i m e n t  s h o w e d  t h a t  f luoro-  
a c e t a t e  caused  m i t o c h o n d r i a l  swel l ing in  t h e  cells g r o w n  

s A. L. LEHNINGER, Physiol. Rev. 42, 467 (1962). 

Compound Concentration range Cultures tested Cells examined s Effect after 

30 rain 60 min 

None 
Fluoroacetate mM 
L-Cystine Saturated solution 
L-Cysteine raM-100 mM 
Glutathione (GSH) raM-100 mM 
L-Ascorbic acid raM-200 mM 
L-Thyroxine ]zM-mM 
L-3, 5, 3"-Triiodothyronine 10 ~ M  
Phosphate 100 /~M-10 mM 
CaC1 a 0.1 NM 
CaCI~ # M  
CaC12 2 /~M 
CaCl~ 10 # M  
CaCl~ 100 # M  
CaCl~ 200 /~M 

42 1680 12 13 
3 120 23 27 
5 200 13 12 
9 360 13 12 
7 280 12 12 
7 280 12 12 

10 400 12 11 
2 80 13 i2 
9 360 15 15 
1 40 15 17 
1 40 13 16 
3 120 19 23 
3 120 22 25 
6 240 22 24 
2 80 13 18 

Average figures on the base of 4 cells/microscope field. 

Fig. 1. Two normal, untreated myoblasts. Several filamentous mito- 
chondria are visible. Phase-contrast microscope. About x 1000. 

Fig. 2. A myoblast from a culture treated with Ca ++ (CaCls i0/~M). 
Several round swollen mitochondria are visible in the cytoplasm. 

Phase-contrast microscope. About x 1000. 
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in monolayer just  as in the ones cultured by the hanging- 
drop method. The results obtained with the 'physiological 
swelling agents '  are summarized in the Table:  i t  will be 
seen tha t  only Ca ++ and to a much less extent  phosphate 
produced an appreciable effect on the conformation of 
living mitochondria. Each agent was tested at  the con- 
cent-ration active on isolated mitochondria in vitro and 
also a t  higher ones. Figure 1 illustrates a cultured myo- 
blast from a control culture treated with plain culture 
medium. This t rea tment  did not  produce any morpho- 
logical effect and the cells were just  as viable as the ones 
which received no t rea tment ;  mitochondrla were mainly 
rod-like and conformed to the classical description. 

Figure 2 shows a Ca++ (CaCI~ 10/~M) treated ceil; this 
agent caused nearly all the mitochondria to swell and 
change into spherical structures of different size and re- 
fringence. 

Comment. The ceils were entirely surrounded by the 
solution containing the swelling agents and it is highly 
probable that  all of them reached the mitochondria in the 
cytoplasm. The compound tested were all of natural  
occurrence in cellular and extra-cellular compartments  of 
the animal body and it seems unlikely that  the negative 
results were due to a lack of penetration of the agents in 
the cells. This assumption is supported by the fact  tha t  
the same cells were permeable to the foreign compound 
fluoroacetate which caused in them the same swelling 
effect on mitochondria as in hanging-drop cultures. Thus 
it  is probable, tha t  the majori ty  of the agents tested are 
devoided of swelling properties in vivo, at  least in the type 
of cells used, With  regard to thyroid hormones, it cannot 
be excluded tha t  the mitochondria were not sensitive to 

them because of the early embryonic stage of the tissue 
from which the cells were cultured. 

The swelling caused by Ca ++ resembled tha t  produced 
by the cation on isolated mitochondria;  the round shape 
of the swollen mitochondria could be due to damage of 
the mitochondrial membranes. Recent  work from this 
Laboratory has shown a specific concentration of injected 
**Ca ++ in' the mitochondria of the liver and other tissues 
of the rat  T: out results seem to indicate that  a similar 
concentration of Ca ++ in mitochondria may occur also in 
cultured embryonic myoblast  B. 

Riassunto. E stato provato l 'effetto sui mitocondri in 
vivo dei seguenti composti che producono rigonfiamento 
dei mitocondri isolati in vitro:  L-cistina, L-cisteina, 
glutatione, L-ascorbato, L-tiroxina, L-3,5,3"-triiodotiro- 
nina, fosfato e Ca++. Solo il Ca ++ ha provocato un aumento 
di volume dei mitocondri nelle cellule provate, i mioblasti 
coltivati  in vitro. 
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Virogenic Lines of RSV-Transformed Rat Cells 

The permanent  presence of the genome of Rous sarcoma 
virus (RSV) in ra t  cells transformed by the Schmidt- 
Ruppin and Prague strains of this virus (SR-RSV and 
PR-RSV) has already been described t. All clones so far 
tested and obtained at  a low plating efficiency (PE) con- 
tained the viral genome a. 

In the present paper a detailed clonal analysis of a po- 
pulation of rat  cells, line B-mix 8 transformed by P R - R S V  
in vitro is given. This analysis was made under conditions 
ensuring monocellular origin of clones, high PE, and 
preventing reinfection of cells by virus. Cells were culti- 
va ted  in PM~ medium 4. Eagle 's  basal medium supple- 
mented with 10% tryptose phosphate broth (Difco), 8% 
calf serum and 2% fetal calf serum was used for cloning. 
Five clones were obtained by the microdrop technique 
under paraffin oil (experiment 1) and 5 by PUCK'S method 
(experiment 2)6. As is shown in the Table, live cells of 
the clones obtained by both methods gave rise to typical 
Rous sarcomas after transfer to chickens, which indicates 
that  after association with chicken cells in vivo, infectious 
RSV is produced e. Sonicated cells and culture fluid were 
inactive. Cells of all tested clones implanted into new- 
born rats gave rise to tumour  growth. 

In  view of a 100% PE of cells in experiment 2, the 5 
clones tested may be regarded as sufficiently representa- 
t ive of the population. Inspire of the finding tha t  all tested 
clones were virogenic, there remains, as in every clonal 
experiment, the possibility tha t  in the B-mix population 

cells are present in which the RSV genolne is not act ivated 
by transfer into a chicken cell. 

The permanent  presence of the genome of RSV in the 
cell population and in all clones could not be at t r ibuted 
to reinfection of cells by RSV, since this virus was neither 
produced nor released in detectable quantities in lines of 
ra t  cells transformed by SR-RSV or PR-RSV3, t  In  spite 
of this the next  experiment (No. 3) was performed with 
a culture grown and cloned in the presence of rabbit  anti- 
serum against P R - R S V  prepared by the method de- 
scribed earlier ~. The results of tests with 5 clones obtained 
in this way were consistent with results of preceeding 
cloning experiments. 
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