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The  problem of differentiation of dead and living cells is a very important one in various biological 
fields. For this reason the development of methods to do this deserves special attention. As long ago as 1940, 
Strugger [20] and also Bukatsch and Haitinger [11] suggested using for this purpose the fluorochrome stain acridine 
orange (AO), which they tiad produced. Strugger developed a test of viability in cells of plants, bacteria and 
yeasts. From his results he concluded that living cells fluoresce a green color and dead cells red, with transi- 
tional forms orange. Strugger' s findings were confirmed in investigations by other workers [13-17, 19, 21] on 
various biological objects. 

At the same time, the test proposed by Stru.gger was subjected to severe criticism in papers by many other 
workers who concluded that this method cannot be used to determine the viability of ceils [2, 4-6, 9, 10, 12, 
18]. G. A. Medvedeva [3], in M.N. Meisel's laboratory, proposed the use of the acid fluorochrome dye primulin 
in distinguishing living and dead cells of yeasts. 

In order to ascertain the suitability of acridine orange and primulin for the detection of living and dead 
animal cells, we carried out experiments with ascitic cells from an Ehrlich's tumor exposed to various inactiva- 
ting agents. The work was done in conformity with all the conditions of fluorochrome technique as given in the 
paper by Vinegar [21], who concluded that AO could be used for determining the viability of animal cells. 

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

All the experiments using inactivating agents and the control experiments were carried out witl~ one 
sample of ascitic fluid. 

This fluid was first diluted 1:100 with phosphate buffer (pH = 6), after which the concentration of cells 
in such a suspension was determined in a Goryaev counting chamber. This concentration was found to be 75 
x l0 s cells per cm s. Phosphate buffer was then added to the suspension in a volume calculated to give a sus- 
pension containing 105 cells per cm 3. The suspension obtained was poured into tubes and used for the experi- 
ments with the inactivating agents. The following series of experiments were carried out. 

1. Control series. I cm 3 of the suspension was inoculated (i.e. 10 s cells) without additional treatment. 

2. Inactivation by high temperature. Before inoculation, the tube with the suspension was placed on a 
water bath at a temperature of 60* for 3 minates. 

3. Irradiation with x-rays. Irradiation was with anRUM-3 apparatus at a temperature of 0* and with the 
following technical conditions: voltage 180 kv, current 10 ma, focal distance 30 cm, filters 0.5 Cu + 1.0 AI; 
total dose 3000 r. 
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4. Inact ivat ion with alcohol.  The suspension was mixed with 30 ~ alcohol  in a proportion of 1:1 and 
incubated for 10 minutes at +4 ~ then centr ifuged for 2 minutes at  1000 rpm, after which the prec ip i ta ted  cells 
were resuspended in phosphate buffer. 

5 -6 .  Autolysis. The suspension was incubated at  37 ~ for 10 or 24 hours, 

7-8 .  Inact ivat ion by sarcolysin. A solution of sarcolysin in phosphate buffer (100y/ml)  was mixed with the 
suspension of asci t ic  ceils in a proportion of 1:1.  The mixture  was incubated for 10 or 24 hours, after which it 
was centr ifuged and the p rec ip i t a ted  cel ls  were resuspended in phosphate buffer. 

9, ControI series to the exper iments  with autolysis and sarcolysin. The suspension was incubated for 24 

hours at  4 ~ . 

After the inac t iva t ing  agents had been applied,  2 ml of suspension was taken from each tube for examina -  
tion under the f luorescent microscope.  Fluorochrome staining with AO was carried out, 1 ml of a 2 • 10"4solu - 

tion of AO t~eing added to 1 ml of the ce l l  suspension. A study of the fluorescent microscopic  picture of the 
asci t ic  cells,  s ta ined with AO, enabled them to be divided into 3 groups according to the nature of f luorescence 

of their cytoplasm: 1) the cytoplasm was a dull green color with soli tary red granules; 2) the cytoplasm was 
diffusely pink in color, or had a large number of red granules; 3) the cytoplasm was diffusely red or f i l led with 

very red granules. 

On f luorochrome staining wi thp r imu l in ,  the l iv ing asc i t ic  cel ls  did not show up. Por this reason, to re -  

veal  the outlines of  the cells (nucleus and cytoplasm) we added to the pr imul in  solution (1:10,000) a few drops 

of AO in the same concentrat ion.  To I ml of cel l  suspension 1 ml of 2 • 10"4primulin was added. By this 

method of  f luorochrome staining the asc i t ie  Ceils were d ivided into 3 groups according to the nature of their  
f luorescence: I, dull green cytoplasm, green nucleus; II, yellowish pink cytoplasm, green nucleus; III, ye l low-  

ish green f luorescence of the whole ce l l  (nucleus and cytoplasm diff icult  to distinguish). 

During al l  the ce l l  counts the re la t ive  number of cei ls  of each group in 1000 tumor cells was determined.  
The ma te r i a l  from each exper imenta l  series was inocula ted  in t raper i tonea l ly  into 10 mice;  a l l  the exper imenta l  

m ice  r ece ived  the same volume of suspension (1 ml)  as the control m i c e  (see above).  The mice  were observed 

for 2 months after inoculat ion.  

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

The results of  the exper iments  are shown in t heTab le .  

It must be pointed out that we judged the degree  of inac t iva t ion  of the asei t ie  tumor cells both by the 

decrease in the percen tage  of successful inoculat ions of the tumor and by the changes in the t ime  of death  of 
the mice  from asc i t ic  carc inoma.  We know from the l i t e ra ture  [1, 21 and others] that  both of these indices are 
functions of the  number of v iable  asc i t ie  c a r c i n o m a  cells in jec ted .  As may be seen from the table,  in the  con-  
trol series (series 1 and 9) the asc i t ic  ca rc inoma took successfully in a l l  the animals  and death ensued after a 

short t ime (in thesecond week of the exper iment) .  The inac t iva t ing  agents used could convent ional ly  be d iv i -  
ded into 2 categor ies  by the degree of inhibi t ion of growth of the ghrl ich 's  carc inoma.  The "weak" inac t iva t ing  

agents included those which lowered the percentage  of successful inoculat ions of the tumor and re tarded its 

growth. These were autolysis at 87 ~ for 10 hours (series 5) and incubat ion of the tumor ceils mixed  with sarcoly-  

sin for 10 or 24 hours (series 7 and 8). The "strong" inac t iva t ing  agents were those which caused the percentage  

of successful inoculat ions of a suspension of asc i t ic  cel ls  to fall  to zero. These were high tempera ture  (series 

2), i r rad ia t ion  by x - rays  (series 3), the  ac t ion  of a lcohol  (series 4) and autolysis a t  37 ~ for 24 hours (series 6). 

Let us compare  the results of the exper iments  in which suspensions of asc i t ic  cel ls  were inocula ted  after 

the app l ica t ion  of various agents and the results of the counts of the re la t ive  numbers of cei ls  with the various 

types of f luorescence after f luorochrome staining of the same suspensions with AO. The only more or less regu-  
lar difference between the control  and exper imenta l  series was a slight increase in the number of group II cei ls  
(with a large  number,of granules or diffusely pink cytoplasm) and a fal l  in the number Of group I ceils  after the 

use of the inac t iva t ing  agents. This increase,  however, was not very s ignif icant  (roughly from 40 to 50-60%) 
and was not proport ional  to the degree  of  inac t iva t ion  of the asc i t ie  ceils.  The re l a t ive  number of group HI 

cel ls  in general  was hardly  changed.  
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We did not therefore observe that marked a l tera t ion  in the fluorescence of the cells which might  have 
been expec ted  from Strugger's ideas, i .e .  the appearance  of a red f luorescence of the cytoplasm instead of 
green in response to the inac t iva t ing  agents. Both normal ly  and after inac t iva t ion  tumor cells with differing 
amounts of f luorescent cy top lasmic  substance could be seen in the suspension. Our experiments agreed well  
with the conclusions of lvl. N Meisel '  and B. V. Korchagina [7] and of cer ta in  other workers [8, 9], who showed 
that this red f luorescence was charac ter i s t ic  of structures containing r ibonucle ie  acid.  Some experiments which 
we performed in fact  showed that  by the act ion of crys ta l l ine  r ibonuclease (1 mg enzyme to 1 ml of dis t i l led 
water; incubat ion for 1 hour at 37 ~ on fi lms of ase i t ic  carc inoma,  previously fixed with Carnoy's  fluid and 

stained with f luorochrome AO, a substance with a red f luorescence comple t e ly  disappeared from the cytoplasm 
of the  tumor cells.  Hence i t  could be concluded that  the changes which we ment ioned above in the re la t ive  con-  
tent  of ceils  with various types of f luorescence evident ly  ref lect  changes caused by the inac t iva t ing  agents in the 

r ibonucle ic  acid content  of the cytoplasm of the asc i t ic  cells.  As may be seen from the above, examinat ion of 

the fluorescence of cel ls  s tained with AO cannot be used as a method of de tec t ing  l iving and dead cells in a 
suspension, although it  is a very va luable  method of study of the nucle ic  acids of the cel l  during life. 

Different results are given by an analysis of the data of examinat ion  of the f luorescence of  the same  ce l l  

suspensions after f luoroehrome staining with primulin.  Par t icular ly  demonstra t ive  changes were found here in the 

re la t ive  number of group III cells, intensively combining with the fluorochrome, and hence  giving an intense 
ye l low-green  fluorescence of  the whole body of the ce l l .  In the control  series these cel ls  did not account  for 

more than 1-'2% of al l  the cells;  af ter  the use of "weak" inac t iva t ing  agents the number of group III cells  rose 

to 12-58%. Under these ci rcumstances in the series of experiments  in which the degree of inac t iva t ion  of the 

tumor cells was 1east (after  incubat ion with sarcolysin for 10 hours; series 7) the  group III ceils  were only 1'2% 
of the total number. At the same t ime,  when the length of incubat ion was increased to 24 hours (series 8), and 
the inac t iva t ion  b e c a m e  more  marked,  the percentage  of these cel ls  rose to 46. After autolysis for 10 hours 

(series 5), causing st i l l  more  marked inac t iva t ion  of the cells,  the number of group III cel ls  reached 58%. Fi-  

nal ly,  in al l  .the exper iments  using "strong" inac t iva t ing  agents (series 2, 3, 4, 6) the group III cel ls  accounted 

for 61-82% of  the cel ls  in the suspension. 

Thus the percentage  of cells  in tensively  accumula t ing  pr imul in  changes in para l l e l  with the degree of in- 

ac t iva t ion  of the asc i t ic  ca rc inoma cei ls .  There  are, therefore, grounds for considering that the cells of this 

category are inac t iva ted .  It is diff icult  to de te rmine  the character  of the group II cells  with their weak yel low- 

ish pink f luorescence of the cytoplasm. There are  many such cells in the asc i t ic  ce l l  suspensions of both exper i -  

menta l  and control series; these cel ls  may possibly be comple t e ly  viable,  but we cannot yet  be sure that among 
them a var iable  number of injured cel ls  m a y  not be present. It follows from the above that  examina t ion  by the 

f luorescent  microscope  of cells  s tained with pr imul in  can be used as a rough guide to the  de te rmina t ion  of the 

r e l a t ive  number of l iving and dead cells in ce l l  suspensions. It is not yet  c lear  at what s tage of injury to the 
ce l l  the accumula t ion  of f luorochrome begins. The problem of whether only cells which have i r revers ibly lost 

their  v iab i l i ty  may  be de tec ted  fll this way therefore requires further study. 

S U M M A R Y  

Results of f luorescent  microscopic  invest igat ion of suspension of Ehrlich ase i t ic  ca rc inoma  cei ls  t rea ted  

in vitro with different  inac t iva t ing  agents were compared  with results of b io log ica l  experiments  by which the 
v iab i l i ty  of these cei ls  has been tested. It was concluded that the examina t ion  of the f luorescence of cei ls  

s tained with acr id ine  orange cannot  be used for d i f ferent ia t ion  of the l iv ing from the dead ceils .  At the same  
t ime  this technique may  serve as a va luable  method for supravital  examina t ion  of both nucle ic  acids. Examina-  
tion of the  f luorescence of cel ls  s tained with pr imul ine  can be used for the approx imate  es t imat ion  of the per-  

centage of v iab le  cel ls  in the eel1 suspensions. 
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