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A study of the act ion Of oxidat ive phosphoryla t ion  uncouplers  on in terac t ion  between neu t ra l  
red and cul tures  of no rma l  mouse  f ib rob las t s  and L tumor  cel ls  showed that the f o r m e r ,  un-  
l ike the l a t t e r ,  a re  st i l l  able to f o r m  granules  of the dye in the p r e s e n c e  of 1 ~ 10 -4 M 2,4- 
dinitrophenol (DNP). Meanwhile p - t r i f luo romethoxyearbony lcyan ide -pheny lhydrazone  (FCP), 
another  uncoupler  of  oxidative phosphoryla t ion ,  inhibits  the deposi t ion of granules  of the dye 
both in L tumor  cel ls  and in n o r m a l  mouse  f lb rob las t s .  Accumulat ion of the dye  by  no rma l  
f lb rob las t s  and by  L cei ls  is  inhibited by both DNP and FCP in concent ra t ions  uncoupling 
oxidative phosphoryla t ion .  
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The dependence of deposi t ion of g ranu les  of the bas ic  vi ta l  dyes  and v a r i o u s  therapeut ic  p r epa ra t i ons  
on the energy  m e t a b o l i s m  of ce l l s  has  f requent ly  been  examined [2, 3, 6-11]o The  main  sources  of energy  
for  ce l lu la r  act ivi ty a r e  the anaerobic  and aerob ic  breakdown of ca rbohydra t e s ,  i . e . ,  g lycolys is  and r e s p i r a -  
t ion.  

Oxygen r e sp i r a t i on  is the p r inc ipa l  m o r e  efficient method of  energy  m e t a b o l i s m  of no rma l  ce l l s .  The 
cel ls  of  mos t  t umors  can c a r r y  out g lyco lys i s  under  aerobic  conditions [1], and this  aerobic  glycolYSiS is  
the main pathway of energy  product ion in tumor  cel ls .  

The work  of Zelenin [2, 3] has shown that granule  deposi t ion in both no rma l  and tumor  cel ls  u t i l izes  
energy l ibe ra ted  dur ing  g lycolys is .  

The object  o f  this invest igat ion was to study how uncouplers  of oxidative phosphoryla t ion  affect  the 
deposi t ion of  neut ra l  red g ranu les  in n o r m a l  and tumor  ce l l s .  

E X P E R I M E N T A L  M E T H O D  

P r i m a r y  cul tures  of no rma l  mouse  embryon ic  f ib rob las t s  and a cul ture  of tumor  ce l l s ,  namely  the L 
s t ra in  of mouse f ib rob las t s ,  were  used as the t es t  objec ts .  

The cel ls  were  grown in medium of the following composi t ion:  45% medium No. 199, 45% lacta lbumin 
hydrolyza te ,  and 10% bovine serum~ 

Depending on the e:qoerimental  conditions the cel ls  were  seeded into penicil l in f lasks  (2.5 m_l of the 
cell  suspension p e r  f lask),  on the bo t tom of which c o v e r s l i p s  m e a s u r i n g  5 • 22 m m  were  laid, o r  into 
C a r r e l ' s  f lasks  (6 ml of suspension per  f lask) .  The  densi ty of the cel l  suspens ion  used for  seeding was 
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TABLE 1. Action of DNP on Deposit ion of Neutra l  Red Granules  in 
Normal  l~ibroblasts  and L ce l l s  

Concentra t ion of un-  
coupler  (DNP), in M 

Without DNP 

1 �9 10 -s 

1 �9 10  -4 

I "10 -8  

P r i m a r y  cul ture  of  
n o r m a l  mouse  e m b r y -  
onic ce l l s  

Red granules  in p e r i -  
nuc l ea r  zone in co lo r -  
l e s s  cy top l a sm 

Granules  in cel ls  

Granu les  in cel ls  

Diffuse staining of 
cy top lasm and nucleus ,  
no g ranu les  

Culture of 
L cel ls  

Red granules  
in c o l o r l e s s  
cy top lasm 

Granu les  in 
cel ls  

Diffuse s ta in-  
ing of cy top lasm 
and nucleus ,  red 
nucleol i ,  no 
g ranu les  

Diffuse staining 
of cy top la sm and 
nucleus ,  no g r a n -  
ules  

TABLE 2. Action of FCP on Deposi t ion of Neutra l  Red 
F i b r o b l a s t s  and L T u m o r  Cells 

Concentra t ion of un .  
coupler  (FCP), in M 

Cells  without FCP 

5 "10 -7 

1 . 1 0  - 6 -  5 -  10 -6 

P r i m a r y  cul ture  of  
n o r m a l  mouse  e m b r y -  
onic ce l l s  

Red g ranu les  in co lo r -  
l e s s  cy top lasm 

Granules  in cel ls  

No granules  in cel ls ,  
diffusely stained nu-  
c leolus ,  nucleus ,  and 
cy top lasm 

Granules  in Normal  

Culture  of L ce l l s  

Red granules  in 
c o l o r l e s s  cy to-  
p l a s m  

Granules  in cel ls  

No granules  in ce l l s ,  
d i f fusely stained nu-  
c leolus ,  nucleus,  and 
cy top lasm 

150,000 c e l l s / m l  fo r  n o r m a l  f ib rob las t s  and 70,000 c e l l s / m l  fo r  L f ib rob las t s .  The  cell  mono laye r  was 
spr inkled with E a r l e ' s  solution and incubated in the s ame  solution containing 2,4-dini trophenol  (DNP) in a 
concentra t ion of 1 �9 10 -5, 1- 10 -4, and 1 . 1 0  -8 M o r  with p - t r i f luoromethoxycarbony lcyan ide -pheny lhydrazone  
(FCP) in a concentra t ion of 5" 10 -7, 1 �9 10 -6, and 5" 10 -6 M. The  cel ls  were  incubated in the medium with the 
uncouplers  for  15 rain at  37~ then stained with a 0.005% solution of neut ra l  red  in the p r e s e n c e  of the un- 
couplers  for 30 min at 37~ 

The c h a r a c t e r  of s taining of the ce i l s  was studied in the light m i c r s c o p e ,  a f t e r  which the  cell  monolayer  
was r insed  a few t imes  with E a r l e ' s  solution without the  dye and the dye which had entered the c e l l s  was 
ex t rac ted  by means  of  70% acidified alcohol d i r ec t ly  f r o m  the cel l  monolayer .  The  quantity of dye in the 
ex t rac t  was de te rmined  on the SF-4A spec t ropho tome te r  at X = 565 nm,  the m a x i m u m  of the absorpt ion 
spec t rum of neut ra l  red in acidified alcohol.  

E X P E R I M E N T A L  R E S U L T S  

The w r i t e r s  showed p rev ious ly  [4] tha t  DN-P, in concentra t ions  uncoupling oxidative phosphorylat ion,  
inhibits granule  fo rmat ion  in E h r l i c h ' s  a sc i t e s  c a r c i n o m a  cel ls  and also affects  accumulat ion of the dye by 
the cells~ 
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Effect of DNP on accumulation of neutral  red by normal  mouse 
f ibroblasts  (1) and by L tumor  cells  (2). Absc issa ,  log of DNP concen-  
trat ion (in M); ordinate ,  amount of dye in cells (in optical density units). 

Fig. 2. Effect of FCP on accumulation of neutral  red by normal  mouse 
f ibroblasts  (1) and by L tumor  cells  (2). Abscissa ,  log of FCI j concen-  
t ra t ion (in M); ordinate,  amount of dye (in optical density units). 

The resul ts  of these investigations of the effect of DNP on the deposition of  dye granules  by normal  
f ibroblasts  and L cells are  given in Table 1. Incubation of the cells with 1 ~ 10 -5 M DNP did not affect the 
ability of the cells to deposit  granules  of the dye. An increase  in the DNP concentrat ion to 1 -10 -4 M (a 
concentrat ion uncoupling oxidative phosphorylation) led to inhibition of granule deposition only in the L 
tumor cells.  Normal f ibroblasts  were more  res is tant  to the action of DR~ ). An increase  in the DNP con- 
centrat ion to 1 "10 -3 M (a concentration inhibiting cel lular  respirat ion) prevented the normal  f ibroblasts  
f rom depositing the dye in granules.  Uncoupling of oxidative phosphorylat ion by DNP thus affects granule 
deposition only by L tumor cells and does not affect the ability of normal  f ibroblasts  to deposit  the dye in 
granules.  This resul t  was very  une:~pected. 

The energy metabol ism of the tumor cell is known to differ f rom normal  in the g rea te r  intensity of 
its glyeolysis  [1]. On the oe.her hand, oxidative phosphorylation is the pr incipal  mechanism of the energy 
metabol ism of normal  cel ls .  

It was therefore  decided to test  the specificity of action of DNI ) as an uncoupler of oxidative phospho- 
rylation. For  this purpose ,  the action of FCP,  another uncoupler of oxidative phosphorylat ion with a maximal 
uncoupling concentration two o rde r s  of magnitude lower than that of DNP [6], was studied on the same cells.  
As Table 2 shows, FCP in a concentration of 1 " 10 -8 M, inhibited the deposition of neutral  red granules  both 
by L cells  and by normal  f ibroblasts .  

DNP and FCP, uncouplers  of oxidat ive phosphorylat ion,  also affected the accumulation of dye by the 
cells.  

Changes in the accumulation of dye by the cells depending cn the DNP concentrat ion are  shown in 
Fig. 1. With a n i n c r e a s e  in the DNP concentration to 1 �9 10 -4 M the aecumulat ionof  dye both by the L cells  
and by normal  f ibroblasts  was reduced.  A fur ther  increase  in the uncoupler concentrat ion led to an inc rease  
in the amount of dye in the cells because of an intensification of diffuse staining. Accumulation of the dye 
by the cells was modified in the same way by FCP (Fig~ 2). 

Normal f ibroblasts ,  unlike L cel ls  and Ehr l ich ' s  asci tes  ca rc inoma cells  [4], thus remain  capable of 
depositing neutral  red granules  in the p resence  of 1 ~ 10 -4 M DN1 ~. Meanwhile, FCP,  in the concentration 
giving maxima/ uncoupling (1 • 10 -8 M), inhibits deposition of neutral  red granules both by L cells and by 
normal  mouse f ibroblasts .  Accumulation of the dye by normal  and tumor  cells  is inhibited by both DNP and 
FCP. It is difficult to explain these resul ts  f rom the standpoint of the action of uncouplers  on the energy 
metabol ism of the cell. In fact, DNP inhibits granule deposition in L cel ls ,  the principal  mechanism of whose 
energy metabol ism is glycolysis ,  but has no effect on the deposition of dye granules in normal  cel ls ,  the 
energy for  which is  supplied by oxidative phosphorylation~ 

The study of the action of severa l  inhibitors of energy metabol ism on deposition of neutral  red granules 
in 'Ehr l i ch ' s  asci tes  ca rc inoma  cells by the p resen t  wr i te r s  showed that the cells contain an extramitochon- 
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drial system, evidently of membrane nature, that is responsible for granule deposition and differs in its 
sensitivity to external agents from the mitochondrial respiratory chains. 

Differences in the action of DNP on the deposition of neutral red granules in normal and L fibroblasts 
may be connected with differences in the sensitivity of this system to DNP in normal and tumor cells. 

The authors are grateful to Professor  V~ Ya. Aleksandrov and to E. N. Mokhovaya for their help with 
the work. 
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