
in these cells appeared at the same or a higher rate than in uninfected cells, evidence of the absence of an in- 

hibitory effect of the vaccine virus on the initial stages of repair. In a study of cells infected with the "wild- 
type" strain of virus the rate of appearance of incision breaks in DNA after irradiation was found to be sharply 
reduced, and repair of the breaks did not take place during 24 h of postradiation incubation. 

The results provide a complete picture of the nature of excision repair of DNA injuries induced by UV- 
irradiation in human cells infected with different strains of measles virus. Although the cytopathic effect was 
similar in this case, unlike the "wild-type" strain, measles vaccine virus had no effect on activity of reparative 
DNA synthesis. 

On the one hand, therefore, confirmation of the hypothesis that the effect of the virus on reparative ac- 
tivity of the cell depends on multiplicity of infection was obtained. On the other hand, the fact that, despite the 
similar eytopathic action of the vaccine and "wild-type" strains, differences in their effect on repair processes 
in the cell still persisted, may confirm the role of genetic differences between viruses in the effects produced. 
The study of the effect of attenuated virus on function of an older cell mechanism on the evolutionary scale, name- 
ly repair of UV-injuries in DNA, can serve as a criterion for evaluation of the safety of vaccine preparations 
used to immunize children. If the vaccine strain was able to inhibit the repair system, its use in children in 
contact with natural forces (UV radiation), with possible medical procedures (x-ray irradiation, medication), 
and with definite pressure from environmental pollutants, may be a hazard from the point of view of increasing 
the frequency of virus-induced chromosomal aberrations in human cells. Under the conditions of stimulation of 
repair by attenuated measles virus, which we found, lowering of the level of virus-induced chromosomal aber- 
rations can be postulated. 
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The antitumor preparation dianhydrogalactitol, a bifunctional alkylating agent, is now used on a fairly wide 
scale in combination chemotherapy of human solid tumors [7]. 
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Exper imen t s  in vivo on mice with Ehr l i ch ' s  asc i tes  ca rc inoma  have shown that  this p repa ra t ion  induces 
r e v e r s i b l e  accumulat ion of t umor  cells in the S and G2 -~ M phases  of the cell cycle  and potent iates  the cytotoxic 
act ion of phase - spec i f i c  agents such as 1 - f l -D-a rab inofu ranosy lcy tos ine  and bleomycin  [3]. 

Dianbydrogalact i to l ,  like mos t  alkylating agents ,  causes  death not only of t u m o r  cells ,  but a l so  of n o rma l  
dividing cells (bone mar row,  epithel ium of the smal l  intest ine,  spleen).  Synthesis of new analogs of this compound 
with a more  se lect ive  action and the study of the i r  b iochemical  mechan i sms  of action a re  urgent  m a t t e r s .  

In the invest igat ion descr ibed  below the effect  of 1,2:5,6-dianhydrogalact i tol  (DAG) and of 1 ,2:5 ,6-dian-  
hydro-3 ,4-d iace ty ld ianhydrogalac t i to l  (Diac-DAG) on DNA synthes is  was studied in neoplast ic  and no rma l  cel ls  
f r o m  the bone mar r ow ,  sma l l  intes t inal  epi thel ium, spleen,  and l iver  of mice with me lanoma  B16 at different 
t imes  a f te r  adminis t ra t ion  of the compound. 

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

(CBA • C57B//6)F 1 mice  weighing 18-20 g, into which so l i d tumors  (melanoma B16) were  inoculated sub-  
cutaneously,  were  used.  

The ant i tumor  p repa ra t ions  DAG and Diac-DAG, whose synthes is  was desc r ibed  prev ious ly  [4, 10], were  
injected into the mice  in therapeut ic  doses  (5 and 12 m g / k g  respect ive ly)  once, in t raper i toneal ly ,  on the 12th 
day a f t e r  inoculation, when the weight of the t u m o r  was about 1 g (time 0). Immedia te ly  before the beginning of 
the exper iment  the compounds were  d issolved in 0.9% NaC1 solution.  The invest igat ions were  c a r r i e d  out during 
the per iod of act ive t umor  growth (on the 12th-16th day), when the weight of the melanoma B16 had doubled i t -  
se l f ,  but DNA synthes is  r ema ined  vi r tual ly  unchanged within this  t ime  in te rva l  [1]. 

DNA synthesis  in cel ls  of me lanoma  B16, bone m a r r o w ,  smal l  intest inal  epi thel ium, spleen,  and l i ve r  was 
studied by measu r ing  incorpora t ion  of [2-14C]thymidine, injected in a dose of 2 #Ci pe r  mouse (specific act ivi ty 
54 pCi/mmole). It was shown previous ly  that  incorpora t ion  of the labeled p r e c u r s o r  under these  exper imen ta l  
conditions is blocked a f t e r  injection of the rep l ica t ion  inhibitor,  hydroxyurea  [2]. The mice were  kil led (five 
an imals  in each group) 1 h a f te r  inject ion of labeled thymidine and at definite t ime  in terva ls  a f t e r  injection of 
the compounds (6, 12, 24, 48, 72, and 96 h). The organs and t i s sue s  of the an imals  in each group were  pooled 
and homogenized in a g lass  homogenizer  at 4~ in medium containing 0.25 M suc rose ,  0.3 M Tr is -HC1 (PH 7.6), 
0.025 M KC1, and 0.005 M MgC12. F r o m  each f rac t ion  samples  of 0.1 ml homogenate  were  t r a n s f e r r e d  into t e s t  
t u b e s ,  4 ml of cold 10% TCA was added to  each  tube, a f t e r  which the tubes were  p laced  in an ice bath and left  
fo r  30 min  at 0~ The samples  were  then t r a n s f e r r e d  to Mil l ipore f i l t e r s  with a pore  d i a m e t e r o f l . 5 # m  (Synpor, 
f r o m  Chemapol,  Czechoslovakia) ,  and the res idues  were  washed with cold 5% TCA and dr ied  at 50-60~ Radio-  
activity in the samples was determined by means of Mark II scintillation counter (from Nuclear Chicago, USA). 
To determine radioactivity the Millipore filters were placed in toluene scintillator containing 5 g PPO and 0.3 g 
POPOP in 1 ml toluene. The DNA content in the tumor cells and each fraction of homogenate of the animal or- 
gans was determined by Schmidt and Thannhauser's method in the modification of Fleck and Monro. 

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

Kinet ic  curves  of incorpora t ion  of [2-t4C]thymidine into  DNA of me l anoma  B16 and mouse  organ cells  a f t e r  
injection of DAG and Diac-DAG into the mice  with t umor s  a re  shown in Fig.  1. Both p repa ra t ions  24 h af ter  
injection caused max imal  inhibition of DNA synthes is  in me lanoma B16 cells  (70-90%), a f te r  which DNA synthe-  
s is  was only pa r t i a l ly  r e s t o r e d ,  and during the next 3 days  the inhibi tory effect  continued at the 60% level .  

Dis turbances  in DNA synthes is  may be due to injury to  the DNA templa te  or  inact ivat ion of DNA-poly-  
m e r a s e s .  DAG, in exper imen t s  in vi t ro ,  a lkyla tes  DNA with the  fo rmat ion  of N-7-monogalac t i ty lguanine  and 
1 ,6-d ideoxy- l ,6 -d i (guanin-7-y l )ga lac t i to l  [5 ,  9]. The fo rmat ion  of i n t r amolecu la r  c ro s s - l i nkages  during in-  
cubation of Yoshida s a r c o m a  cells  or  p repa ra t ions  of i so la ted  DNA with DAG has  been demons t ra t ed  by phys ico-  
chemical  methods [5, 6]. It  can be tenta t ively  sugges ted  that  s i m i l a r  modif icat ions to the  DNA templa te  were  
respons ib le  for  the changes observed  in DNA syn thes i s .  

DNA synthes is  was inhibited maximal ly  24 h a f t e r  injection of DAG and Diac-DAG in the organs  of mice 
with t u m o r s ,  just  as in mc lanomia  B16. However ,  the r a t e  of r e c o v e r y  of DNA synthesis  d i f fered in the normal  
and t umor  cel ls .  The more  rap id  r e c o v e r y  of DNA synthes is  in no rma l  cel ls  than in t umor  cel ls  will be noted 
(Fig. 1). 

A s i m i l a r  different ia l  effect  was observed  during a study of the injuring act ion of var ious  ant i tumor p r e -  
para t ions  and, in pa r t i cu la r ,  of N-n i t rosourea ,  on DNA synthesis  [2, 11], and it may perhaps  be linked with the 
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Fig. 1. Effect  of DAG (a) and Diac-DAG (b) on in-  
eorpora t ion  of [2-i4Clthymidine into DNA of eel ls  of 
mouse  me lanoma  B16, bone mar row ,  smal l  intest inal  
epi thel ium,  spleen,  and l iver .  Absc i s sa ,  t ime  af ter  in-  
ject ion of compound (in h); ordinate,  specif ic  r ad ioac -  
t iv i ty  (in %). Incorpora t ion  of labeled thymidine into 
DNA of eel ls  of mouse me lanoma  B16 (1), bone m a r -  
row (2), sma l l  intest inal  epi thel ium (c), sp leen (4), and 
l iver  (5) was 27,205, 105,490, 69,053, 39,929, and 
15,000 c p m / m g  DNA respec t ive ly .  

fo rmat ion  of a g r e a t e r  number  of i n t r amolecu la r  c ro s s - l i nkages  in the DNA molecule  of t umor  cel ls  compared  
with no rma l  cel ls ,  as has r ecen t ly  been demons t ra t ed  for  the p repa ra t ion  mephalan  [8]. 

I t  will be c lear  that  the inhibi tory effect  of Diac-DAG on DNA synthes is  in bone m a r r o w  and spleen cells  
was weaker  than that  of DAG (Fig. 1). 

Unlike DAG, however ,  Diae-DAG had v i r tua l ly  no effect  on DNA synthes is  in l iver  cel ls ,  which could in-  
dicate  that  this  compound does not exhibit  hepatotoxici ty  (Fig. 1). 

The h igher  the rapeu t ic  index of Diac-DAG (3.4...) compared  with DAG (1.7) [12] is  p robably  due not only to 
the d i rec t  cytotoxie act ion on the t u m o r ,  but a l so  to the lower  toxic i ty  of Diae-DAG to the vital ly impor tant  s y s -  
terns  of the body. 

During the planning of opt imal  s chem es  of t r e a t m e n t  of malignant  neop lasms  with Diac-DAG, the re  would 
s e e m  to  be a good case  for  giving a second inject ion of the compound af ter  an in te rva l  of not less  than 60 h, i .e. ,  
at a t ime of complete  r e s to ra t i on  of DNA synthes is  in no rma l  ac t ive ly  dividing cel ls ,  which would reduce  its 
toxic  act ion on bone m a r r o w ,  the epi the l ium of the sma l l  intest ine,  and the spleen.  

The a u t h o r s  a re  gra teful  to Dr .  S. Somfai -Rel le  for  taking pa r t  in the d i scuss ion  of the r e su l t s .  
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