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Inc reased  act ivi ty  of s e r u m  DNase I and of splenic  inhibi tor  of DNase I was found during the 
development  of F r i end ' s  v i rus  leukemia.  Inc reased  act ivi ty of inhibi tor  in the spleen also was 
d i scovered  a f t e r  in t ravenous  injection of exogenous DNase I into mice.  The poss ib le  role  of 
s e r u m  DNase I in the development  of expe r imen ta l  leukemia is  d iscussed .  
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The DNases ,  enzymes  which spec i f ica l ly  hydro lyze  DNA, a re  p re sen t  in al l  an imal  t i s sues  [7, 8]. Des -  
pite intensive r e s e a r c h  in many l abora to r i e s  of  the world during the las t  two decades ,  no genera l  ag reemen t  
has  yet been reached  regard ing  the functional role  of these  enzymes  in animals  and man. In ea r l y  publicat ions 
the DNases were  r ega rded  as one cause of damage  to nuc lear  DNA in pathology. In l a te r  studies a p ro tec t ive  
role  has  been asc r ibed  to t hem and they have been linked with o ther  s y s t e m s  of defense,  namely  in te r fe ron  
format ion  and the immune  s y s t e m  [3, 5, 9]. 

In the invest igat ion desc r ibed  below the functional role  of s e r u m  DNase I was studied on a model of ex-  
pe r imen ta l  mouse leukemia.  

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

Expe r imen t s  were  c a r r i e d  out on male  DBA/2 and BALB/c  mice weighing 18-20 g. The v i ru s - c o n t a in -  
ing ma te r i a l  consis ted of superna tant  (15,000 g, 30 rain) of a 10% homogenate  of the spleen of mice with F r i e n d ' s  
leukemia  in 0.14M NaC1, which was injected in t raper i tonea l ly  in a dose of 0.3 ml. Animals  of  the control  group 
were  given an in t r ape r i tonea l  inject ion of 0.3 ml  of 0.14MNaC1. Blood was taken f r o m  the t ip of the ta i l  at 
d i f ferent  t imes  a f te r  infection. In some expe r imen t s  blood taken f r o m  the an imals  a f t e r  sac r i f i ce  also was 
used.  

To de t e rmine  act ivi ty  of i n t r ace l l u l a r  DNase I inhibi tor  the an imals  were  killed, the spleen was per fused  
in si tu with cold 0.14M NaC1, and was then homogenized "gently" in a P o t t e r - E l v e h j e m  g lass  homogenize r  with 
Teflon pes t le  for  120 sec. The splenic homogenates  f r o m  the control  and expe r imen ta l  mice thus obtained (w/v = 
10) were  centr i fuged at 150,000 g for  30 min in a t i t an ium angle r o t o r  of  the MSE Superspeed 65 u l t racent r i fuge .  
The superna tan ts  (soluble f rac t ion  of the cel l  ex t rac t )  were  used for  de te rmina t ion  of act iv i ty  of the inhibitor.  
This was judged f r o m  the act ion of the superna tants  on bovine DNase I (chromatographica l ly  purif ied p r e p a r a -  
t ion,  Novosibi rsk) .  Act ivi ty  of the inhibi tor  was de te rmined  b y  the following scheme:  bovine DNase I + Mg ++ + 
superna tant  - inhibition for  30 rain at 37~ in buffered medium,  pH 7.0-7.2,  followed by addition of DNA sub- 
s t ra fe .  The subsequent course  of the analys is  was desc r ibed  prev ious ly  [2]. The dif ference between the o r ig -  
inal and res idua l  bovine DNase I ac t iv i ty  indicated the act ivi ty  of the inhibitor.  To de t e rmine  DNase act ivi ty  
a m i c r o e x p r e s s  method [2] was used.  Tota l  pro te in  in the s amples  was de te rmined  by Lowry ' s  method in 
P o k r o v s k i i ' s  mic romodt f i ca t ion  [6, 13]. DNA isolated f r o m  ca l f  thymus by the methods  of Georgiev  [1] and 
Ki rby  [11] was used  as subs t r a t e  for  de te rmina t ion  of DNase ac t iv i ty  (and act ivi ty  of the inhibitor).  
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Fig. 1. Changes in s e r u m  DNase I act iv i ty  of 
DBA/2 and BALB/c  mice  during development  
of F r i end ' s  v i rus  leukemia.  Absc i s sa ,  t ime  (in 
days) a f t e r  injection of v i rus -con ta in ing  m a t e -  
r ial ;  ordinate ,  DNase I act iv i ty  ( in /zmoles  nu- 
c leoside monophosphates) .  Control:  2) DBA/ 
2, 4) BALB/e;  leukemia:  1) DBA/2, 3) BALB/c. 

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

In the expe r imen t s  of s e r i e s  I the dynamics  of  s e r u m  DNase I ac t iv i ty  was studied in mice  during the 
development  of Friendvs v i rus  leukemia.  Collection of blood for  de terminat ion of s e r u m  DNase I act iv i ty  was 
ca r r i ed  out individually on each an imal  before  infection with the v i rus  (background) and la te r  at var ious  t imes  
a f t e r  injection of the v i rus -con ta in ing  m a t e r i a l  (4 and 18 h, and 3, 7, 10, 20, and 23 days).  The mean  r e su l t s  of 
seven expe r imen t s  on DBA/2 mice and th ree  expe r imen t s  on BALB/c mice a r e  i l lus t ra ted  in Fig. 1 . Two 
groups of mice,  with 5-7 an imals  in each group, took par t  in each exper iment .  

It will be c l ea r  f r o m  Fig. 1 that  the s e r u m  DNase I act iv i ty  of the infected an imals  (exper imenta l  group) 
rose  above the control  level  a f ter  4 h and reached a m a x i m u m  18 h a f t e r  inject ion of the v i rus  containing mat -  
r ia l .  Se rum DNase I ac t iv i ty  of the DBA/2 mice r ema ined  high for  3 days ,  then fel l  to i t s  or ig inal  level  by the 
7th day of the exper iment ,  and rose  again until the 10th day. By the end of the expe r imen t  act ivi ty  of the enzyme 
had fal len a little. S imi la r  r esu l t s  were  obtained with B ALB/c mice.  The degree  of development  of the leukemia 
was judged f r o m  the i nc r ea s e  in weight of the spleen in mice examined in each exper iment .  The weight of the 
spleen began to i nc r ea s e  on the 7th day a f t e r  inoculation of the v i rus ,  and by the end of the exper imen t  (20-25 
days) i ts  mean weight was 2 g, 20 t imes  g r e a t e r  than the weight of the no rma l  spleen (0.1 g). 

To de te rmine  in t r ace l lu l a r  act ivi ty  of DNase I inhibi tor  the spleens  were  taken f r o m  BALB/c mice  on 
the 1st and 23rd days a f t e r  inject ion of v i rus -con ta in ing  mate r i a l ,  i .e . ,  at t imes  when the s e r u m  DNase I ac -  
t ivi ty  was st i l l  high. Activi ty of the inhibi tor  was de te rmined  as  desc r ibed  in "Exper imen ta l  Method." The r e -  
sults a re  shown in Fig. 2, in which the or ig inal  bovine DNase I act iv i ty  in s a m p l e s  without the addition of in-  
h ib i tor  was taken as 100%. As Fig. 2 shows, act ivi ty  of the inhibi tor  was higher  in the spleen of the an imals  
with leukemia than in the control .  

The i nc rea se  in act ivi ty  of the inhibi tor  in the spleen and the s imul taneous  i nc r ea se  in s e r u m  DNase I 
act iv i ty  could indicate a definite functional connection between these  pro te ins  in the body. According to data in 
the l i t e ra tu re ,  DNase' I inhibi tor ,  contained in the s e r u m  and also in cel ls  of lymphoid e rgans ,  fo rms  a s table ,  
highly speci f ic  complex with DNase I [12]. If  inhibi tor  prote in  is injected into aa  animal ,  it sha rp ly  s t imula tes  
hematopoies i s  [4]. Recent ly published data show that  DNase I inhibi tor  belongs to the c lass  of  act in pro te ins  
[12], which a re  known to par t i c ipa te  in var ious  i n t r ace l l u l a r  p r o c e s s e s ,  such as cyfokinesis ,  phagoeyfosis ,  a n d  
so on [15]. The poss ib i l i ty  cannot be ruled out that  an i nc rea se  in s e r u m  DNase I ac t iv i ty  lowers  the act ivi ty  
of the inhibi tor  c i rcula t ing  in the blood s t r e a m  of leukemic  mice.  This  change in the ra t io  between ac t iv i t ies  
of DNase and inhibi tor  is a spec ia l  f o r m  of t r i g g e r  m e c h a n i s m  for  ini t iat ing synthes is  of the in t r ace l lu l a r  in-  
hihitor.  A d i rec t  connection between s e r u m  DNase I and in t r ace l lu l a r  inhibi tor  was demons t ra ted  by the w r i t e r s  
in model  expe r imen t s  in which exogenous DNase I was injected into mice.  It was shown prev ious ly  that  murine 
and bovine DNases  I have a definite degree  of homology [2]. On these  grounds it  was decided that  bovine DNase 
I could be admin i s t e red  to mice.  Bovine DNase I was in jected into the caudal  vein ove r  a per iod of 4 days:  7 mg 
on each of the f i r s t  2 days,  10 rag on each  of the las t  2 days.  Animals  of  the coa t ro l  and expe r imen ta l  groups 
were  sac r i f i ced  1 h a f t e r  the final inject ion of enzyme and the levels  of  splenic inhibi tor  and s e r u m  DNase I 
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Fig. 2. Inhibition of bovine DNase I act iv i ty  
by superna tan t  of  sp leens  of n o r m a l  (1) and 
leukemic  (2) mice.  Absc i s sa ,  t ime  (in days) 
a f te r  injection of v i rus -con ta in ing  ma te r i a l  
into mice;  ordinate ,  r e s idua l  bovine DNase I 
ac t iv i ty  (in % of or ig inal  activity) .  

Fig. 3. Changes in DNase I ac t iv i ty  (in ~moles  
nucleoside monophosphates)  in blood s e r u m  and 
ac t iv i ty  of DNase I inhibi tor  in spleen of BALB/  
c mice a f t e r  inject ion of bovine DNase I. a) 
Control;  b) exper iment .  I) Inhibited (top par t  
of column) and res idua l  (bottom part)  b o v i n e  
DI~ase I ac t iv i ty  a f t e r  incubation with splenic 
superuatants ;  II) DNase I act iv i ty  in mouse blood 
se rum.  

were  de te rmined  as desc r ibed  in "Exper imen ta l  Method." The r e su l t s  of these  expe r imen t s  a r e  given in Fig. 
3; they show that act iv i ty  of the inhibi tor  in the expe r imen ta l  an imals  was significantly higher  than in the con- 
t ro l .  The s e r u m  DNase I ac t iv i ty  of  the expe r imen ta l  an imals  was twice as high as in the control.  The i n c r ea se  
in DNase I act iv i ty  in the blood s t r e a m  of  an imals  af ter  inject ion of exogenous DNase is  thus probably  the t r i g -  
ge r  m e c h a n i s m  for  synthes is  of in t r ace l lu l a r  inhibitor.. 

The following m e c h a n i s m  of act ion of the DNase  I - i n h i b i t o r  s y s t e m  can thus be postulated on the bas i s  
of the r e su l t s  of the p r e s en t  expe r imen t s  and data in the l i t e ra tu re .  Injection of v i rus  antigens into mice  leads 
to an i nc r ea se  in s e r u m  Dlqase I ac t iv i ty  and to a cor responding  dec r ea se  in the ac t iv i ty  of f r ee  inhibi tor .  This ,  
in turn ,  ac ts  as  a s ignal  for  the init iation of synthes is  of i n t r ace l l u l a r  DNase I inhibi tor  in the spleen and also,  
pe rhaps ,  in o ther  lymphoid organs .  The poss ib i l i ty  cannot be ruled out that  accumulat ion of the inhibi tor ,  an 
act ive  prote in ,  in the cel ls  of  the lymphoid s y s t e m  is one link in a complex chain of events  leading u l t imate ly  
to ce l lu la r  p ro l i fe ra t ion  in the spleen and, in this  case ,  to p ro l i fe ra t ion  of r e t i cu l a r  cel ls ,  the p r e sence  of which 
is  c h a r a c t e r i s t i c  of  F r i end ' s  leukemia  [14]. Stimulation of ce l lu la r  p ro l i fe ra t ion  may perhaps  be connected 
with changes in the shape of the cel ls  under  the influence of the act in inhibi tory pro te in  accumula t ing  in the 
spleen cel ls .  T h e r e  a r e  indications in the l i t e ra tu re  that  the shape of the cel ls  may  affect  the ra te  of cel l  divi-  
sion [10]. 

An i nc r ea s e  in s e r u m  DI~ase I act iv i ty  in mice,  although to a l e s s e r  degree  than in the expe r imen t s  
desc r ibed  above,  also was found a f t e r  in t r ape r i tonea l  inject ion of o ther  antigens,  including ex t r ac t s  of r a t  spleen,  
rabb i t  y-globul ins ,  and so on. It can accordingly  be postulated that  s e r u m  DNase I p lays  the ro le  of  a unique 
"s ignal"  o r  t r i gge r ing  m e c h a n i s m  for  p ro l i fe ra t ion ,  and a lso ,  perhaps ,  for  cloning of cel ls  in lymphoid organs ,  
and thus behaves  as a nonspecif ic  s t imula to r  of  the immune  sys tem.  In this sense ,  p ro l i f e ra t ion  of spleen cel ls  
in mice with leukemia  can be r ega rded  as a spec ia l  case  of abno rma l  ce l lu la r  pro l i fe ra t ion ,  in which the s a m e  
common m e c h a n i s m  of regulat ion of cel l  division (DNase I - i n h i b i t o r )  acts .  This  hypothesis  on the m e c h a n i s m  
of  cell  p ro l i fe ra t ion  unquest ionably cal ls  for  fu r the r  conf i rmat ion.  
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M O D I F I C A T I O N  OF THE T O X I C  AND A N T I T U M O R  

P R O P E R T I E S  OF F T O R A F U R  BY A C T I O N  A I M E D  

AT N O N S P E C I F I C  M I C R O S O M A L  O X I D A S E S  
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Phenobarbital and methylcholanthrene, inducers of nonspecific microsomal oxidases, inhibit 
the development of neurotoxic shock produced in mice by large doses of ftorafur, but they in- 
crease the mortality among the animals on the 4th-Sth days after administration of the com- 
pound, Inhibitor SKF525 A has the opposite action on both types of toxic manifestations. The 
antitumor effect of ftorafur, determined on the basis of the decrease in weight of the spleen 
in mice with Rauscher leukeraia, is greatly enhanced by prel iminary administration of pheno- 
barbital, alone or  together with methylcholanthrene, to mice. 

KEY WORDS: ftorafur; nonspecific microsomal oxidases. 

The antitumor agent ftorafur has achieved widespread popularity because of its lower toxicity, com- 
pared with other fluoropyrimidines, toward the epithelium of the small intestine and hematopoietic organs [1, 
2, 8]. 

It is considered that this property of ftorafur is most probably due to its slow breakdown and conver- 
sion into the active principle, 5-fluorouracil  [5, 6]. 

This character  of its metabolism, ensuring the long circulation of low concentrations of 5-fluorouracil  
in the body, also gives ftorafur lower antitumor activity than 5-fluorouracil  in relation to several  experimental 
tumors [3, 7]. Attempts to enhance its antitumor activity by the use of massive doses of the compound have 
proved it possible, for in large doses ftorafur gives r ise  to neurotoxic complications, the severity of which is 
proportional to the sessional dose of the d/'ug [4]. 

Laboratory of Chemical Carcinogenesis and Laboratory of Experimental Immunotherapy, Oncologic 
Scientific Center, Academy of Medical Sciences of the USSR, Moscow. (Presented by Academician of the 
Academy of Medical Sciences of the USSR L. M. Shabad.) Translated from Byulleten' Eksperimental 'noi Biol- 
ogii i Meditsiny, Vol. 88, No. 10, pp. 442-444, October, 1979. Original article submitted April 18, 1979. 

1162 0007-4888/79/8810-1162 $07.50 �9 1980 Plenum Publishing Corporation 


