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As a resul t  of the repeated action of the rad ioprotec tor  f i -mercaptopropylamine on cel ls  
of the CAVE line, a var iant  CAVEK_10 v was obtained, the cells  of which are  more  r e s i s -  
tant to high concentrat ions of the rad iopro tec tor  and to ionizing radiation. These fea tures  
pers i s ted  unchanged during prolonged (about 2 years) cultivation of the cells  under ordi-  
nary  conditions. 

Many different chemical  compounds with a radioprotect ive action are  now known. The mechanism 
of action of radioprotect ive substances at the level of the living cell and of the organism is due to their  ac-  
tive intervention in biochemical  p r o c e s s e s  and to sharp changes in the principal radiosensi t ive metabolic 
reac t ions  [4]. 

The absolute major i ty  of rad iopro tec tors  exer t  a protect ive action only if they are  given in subtoxic 
doses,  inducing severe  changes in biochemical  and physiological  sys tems  [3-5]. It is also well known f rom 
the l i te ra ture  that the protect ion of biological objects by the use of rad iopro tec tors  takes place only in 
their  presence  and only for a ve ry  short  t ime, l imited to a few hours ,  af ter  their  administrat ion.  

The object of the present  investigation was to develop a method of obtaining cell var ian ts  res i s tan t  
to high concentrat ions of rad iopro tec tors  and to study the rad iores i s tance  of such cel ls .  

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

Cells of line CAVE* were used, because previous work with them showed that the cells  of this line 
have minimum adhesiveness and after  death they do not break up so quickly into f ragments .  These prop- 
e r t ies  enable more  prec ise  resu l t s  to be obtained when the cells  are  counted and they facili tate the work 
considerably.  In addition, cells  of line CAVE are more  res is tant  to unfavorable factors .  

The radioprotec tor  chosen was f i -mercaptopropylamine (MPA), one of the most  effective of the 
aminothiol compounds used to prevent  radiat ion damage [4]. This compound was chosen also because it is 
localized mainly in the hyaloplasm and to a much l e s se r  degree (10 t imes less) in the nuclei [2]. 

The cel ls  were grown in bacter iological  tubes on medium No. 199 with the addition of 10% bovine 
serum.  After the cells  (50,000-75,000 per  m l nutrient medium) had been seeded into the tubes, they were 
incubated at 37~ 

* The CAVE line of cel ls  was obtained by Dobrynin and Dirgulyan in 1961 f rom the epithelium of a gas t r ic  
ca rc inoma in a woman [1]. 
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To determine the maximum concentrat ion of MPA tolerated by the cells,  the compound diluted with 
nutrient medium to a concentrat ion of 0.0125-0.2% was added in a volume of 1 ml to each tube on changing 
the medium after  the cul tures  had grown for 3 days. The maximum tolera ted concentration was 0.05T0. 
The f i r s t  t rea tment  of the cell culture with MPA took place in that concentrat ion.  

As a rule,  3 days after  continuous contact between the compound and cells,  cells  f rom the tubes 
(varying f rom 1111 to 7777 living cel ls  not staining with 1% trypan blue solution) were  seeded in the usual 
way into C a r r e l ' s  dishes to determine the number of viable cel ls .  Cells t reated once with MPA in a con- 
centrat ion of 0.05% gave definite growth (1-7 colonies; M• = 3.0+0.8) only after  1-1.5 months. Cells 
t rea ted  with the compound in a concentrat ion of 0.025% after  seeding gave growth until the 14th-21st day 
(from 18 to 32 colonies per  plate; M• = 23.0• The number of viable cells was determined f rom 
the number  of colonies growing on the plate. 

After t rea tment  of the cel ls  with MPA in a concentrat ion of 0.0125%, the rate of propagation when 
they were  t r ans f e r r ed  to ordinary conditions was indistinguishable f rom that of the control  culture.  

The dividing cel ls  were  t rea ted  again with MPA.* In this way the cel ls  were subiected to this pro- 
cedure I0 times. 

The study of the survival  ra te  of the ce l l s  in relat ion to the number of p rocedures  showed that cel ls  
which survived and subsequently divided after  p r imary  t rea tment  with the compound in a concentrat ion of 
0.05%, survived a second t rea tment  only in a concentrat ion of 0.0125%, they survived after  a third t r ea t -  
ment in a concentrat ion of 0.025%, but they survived after  a 5th t rea tment  of the original concentrat ion 
(0.05~). After 10 p rocedures  the number  of surviving cel ls  was considerably l a rge r  (from 12 to 20 colo- 
nies per  plate; M• = 13• whereas  af ter  the f i rs t  t rea tment  with MPA in the same concentrat ion 
(0.05To), as mentioned above the number was small  (1-7 colonies per plate). The difference between the 
mean number  of colonies was significant (P < 0.0001). However, when the concentrat ion of the compound 
was doubled (0.1%), even cel ls  subjected to 10 t rea tments  died. This suggests  that in this case  ei ther  cells  
more  res is tant  to this compound had been selected, or  some of the cells  when t rea ted  with MPA were  able 
to adapt their  biochemical  p rocesses  in a direct ion which enabled them to survive, i.e., they acquired in- 
c reased  res i s tance  to this par t icu lar  radioprotec tor  (chemical res is tance) .  

Death of the cells  af ter  the f i r s t  t rea tment  with the compound in the same,  or  even a lower concen- 
tration,  was probably due to sensit ization of the cells  to this compound, i.e., to chemical  sensitization. 

Para l le l  with the method descr ibed above, another method used by most  invest igators ,  in which the 
chemical  compound is permanent ly  present  in the nutrient medium, also was tested. This method proved 
ineffective for the present  purpose,  because cells  grown in low concentrat ions of the compound did not 
acquire increased  res i s tance  to ionizing radiation, and when l a rge r  doses of the compound were  added to 
the nutrient medium, the cel ls  did not adhere to the glass  and they died. 

Cells t rea ted  repeatedly with MPA differed in a number of features  f rom the original line, and they 

were descr ibed as var iant  CAVEK_ 10v. 

When CAVE cel ls  were seeded into tubes, a t r iangular  monolayer  was formed,  while the variant  ob- 
tained in these experiments  grew in a nar row strip or  thread.  Microscopic examination showed that the 
var iant  consis ted of polygonal cel ls ,  l a rge r  than those of the original CAVE line. The cell nuclei also were  
l a rger ,  and the in tercel lu lar  spaces were  wider.  During prolonged observat ion the variant  CAVEK-I0v ac- 
quired the appearance of a continuous sheet of epithelium, growing more  loosely than cells  of the CAVE 
line. Giant cel ls  and, in par t icular ,  elongated cells,  were much more  common. 

The mean resu l t s  obtained f rom a study of the coefficient of prol i ferat ion (CP), mitotic index (M1), 
and the number of dead (ND) and of mult inuclear  cel ls  (NC) are  given in Table 1. 

As Table 1 shows, CP for the variant  was a lmost  50%, and MI approximately 35% lower than in the 
original  line. Counting the number  of mitoses  in the individual phases showed that the differences between 
the mean percentages  of individual phases of mitosis  in line CAVE and the variant  were very  small .  The 
number  of mult inuclear  cel ls ,  on the other hand, was a lmost  twice as  high in the variant  as in the original  

* Each success ive  t rea tment  of the cells  with the compound was ca r r i ed  out af ter  not less  than 2-3 subcul- 
tu res  of the cells  under ordinary  conditions. 
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TABLE 1. Comparat ive Charac te r i s t i cs  of Cells of Line 
CAVE and Variant CAVEK_10 v 

Culture CP 
of cells 

CAVE 7,30 
CAVEK-IoV 3,93 

I ND I. Number of nuclei per cell 
MC%) 5and 

MI(in% (in %) ( . 2 3 4 i over 

18,73 7,0 I 8,87 6,45 1,40 0,97 0,05 
i 

14,28 5,0 [ 15,44 8,80 1,90 1,85 ~ 2,89 

line. Cells with 5-10 nuclei or more  were  par t icu lar ly  numerous in the CAVEK_10 v var iant .  Statistical 
analysis  of the resu l t s  showed that these differences are  significant. 

A study of the rad iores i s tance  of the CAVEK_~0v var iant  showed that af ter  7 - r a y  (COG% irradiation* 
in a dose of 6000 R all the cells  of the intact CAVE line died, whereas  some cells (from 20 to 45%) of the 
CAVEK_ ~0v variant  survived. Cells were  regarded  as viable if they did not die in the course  of 15 
subcultures.  

The resul t s  thus show that the newly obtained var iant  differs f rom the original CAVE line by the 
l a rge r  number  of cells  res is tant  to high concentrat ions of MPA, by lower sensitivity to ionizing radiation, 
and also in cer ta in  other features .  These changes are  stable, for  they pers i s ted  during prolonged (about 
2 years) cultivation of the cells  under normal  conditions. 

This suggests that the newly obtained var iant  of the cel ls  a rose  through mutation. However, it is 
not yet  known whether it was present  in the original population and arose  as the resu l t  of simple selection, 
or whether it a rose  through the action of MPA. 

Differences between the newly obtained var iant  and the original line with respec t  to radiosensi t ivi ty 
and res i s t ance  to the toxic action of MPA are  of definite interest  f rom the radiobiological  point of view, 
notably for radioprotect ion.  

They indicate that, in principle,  it is possible to increase  the res i s tance  of the body t i ssues  to radia-  
tion by the suitable use of pharmacological  protect ive agents.  

In the w r i t e r s '  view, a promis ing  resul t  of this investigation is the long duration of the action of 
rad iopro tec to rs  on the t issues ,  which may lead to a lasting increase  in the rad iores i s tance  of the t i ssues  
and, consequently, of the organism as a whole. 
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* Activity about 1000 Ci, distance 50 cm, dose rate  48 R/rain. 
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