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Sodium nucleate  (SN) substant ia l ly  inc reased  the r e s i s t a n c e  of mice  to pathogenic s t r a in  
Esche r i ch i a  eoli  026, P ro teus  vu lga r i s ,  Pseudomonas  ae rug inosa ,  and Se r r a t i a  m a r c e s c e n s  
and had a gene ra l  s t imulat ing act ion on nonspecif ic an t ibac te r i a l  r e s i s t a n c e ;  homologous 
low-po lymer  RNA f r o m  the l iver  had a s i m i l a r  s t imulat ing act ivi ty.  SN enhanced the 
r e s i s t a n c e  of an imals  to v i r u s e s  of t i ck -borne  encephal i t is  and encephalomyel i t i s  and 
inc reased  the number  of an t ibody- fo rming  cel ls  (AFC). Manifestat ion of the side ef fec t  
of hea t - inac t iva ted  vacc ine  p r epa red  f r o m  pathogenic E. coli  ce l ls  was weakened in 
an imals  p rev ious ly  t r ea ted  with SN. 
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The adjuvant  p rope r t i e s  of  na tura l  DNAs and synthetic  polynucleotides has now been studied [2-4, 7, 11], 
but the re  is l i t t le  informat ion  on the co r respond ing  p r o p e r t i e s  of  na tura l  BNAs. 

The object  of  the p r e s e n t  invest igat ion,  in which a pha rmacopoe ia l  p r epa ra t i on  of RNA, namely  sodium 
nucleate  (SN), such as  is used for  the t r e a t m e n t  of agranu locy tos i s ,  was chosen,  its effect  on nonspecif ic  r e s i s -  
tance to condit ionally pathogenic bac te r i a  and v i ru ses  and on immunogenes is  was invest igated.  

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

Different  batches  of  SN, s te r i l i zed  a t  100~ were  tes ted.  No contaminat ion with po lysacchar ides  was 
found on ch romatography  of an acid d iges t  of SN in a b u t a n o l - p y r i d i n e - w a t e r  (4 : 3 : 3) s y s t e m  on Fi l t rak  
FN-11 (GDR) p a p e r ,  with development  by aniline phthalate  and using mannose,  glucose,  xylose ,  and 
r i b o s e  as  r e f e r e n c e  subs tances .  The ra t io  between the absorp t ion  of SN in UV light w a s  E260/E280 = 2.1 and 
E260/E230 = 2.5. SN was found to be a sufficiently homogeneous p r e p a r a t i o n  with molecu la r  weight equivalent  to ~ 
3-4S, as shown by gel  f i l t ra t ion  through a column with Sephadex G-100 and by e l e c t r o p h o r e s i s  in po lyac ry lamide  
gel (PAG). Total  RNA was ex t rac ted  [12] f r o m  mouse  l iver  by the phenol method,  the low-molecu la r -we igh t  4S 
f rac t ion  was sepa ra ted  f r o m  it, and it  was then purif ied on Sephadex G-25 and by e l ec t ropho re s i s  in 10% PAG 
[6]. Marker  RNAs (5S, 16S, and 23S) were  obtained f r o m  E. coli  r i b o s o m e s  on a Hitachi u l t racen t r i fuge  a t  
105,00Og [5]. 

SN was injected into mice  in a dose of 0.4-32 mg singly or  r epea ted ly ,  in t raper i t enea l ly ,  subcutaneously,  
o r  i n t r amuscu l a r l y .  R e s i s t a n c e  to infect ion by pathogenic s t r a in  E. coli  026, P ro teus  vu lga r i s ,  Pseudomonas  
aeruginosa,_and Se r r a t i a  m a r c e s c e n s  was tes ted.  In some exper iments  the an imals  were  immunized  with 
t i t ra ted  doses  of  E. col i  killed a t  60~ for  1 h. SN was injected by dif ferent  methods in a dose of 16-36 mg 
daily for  3 days into mice  weighing 6-8 g, and 24 h la ter  the an imals  were  infected in t raper i t enea l ly  with a 
s e r i e s  of doses  of Wes te rn  A m e r i c a n  equine encephalomyel i t i s  and t i ck -borne  encephal i t is  v i ru se s .  Control  
mice  r ece ived  0.85% NaC1 solution. 

CBA mice  w e r e  immunized  with 0.25 �9 10 ~ sheep ' s  red cel ls  (SRBC) or  a mix tu re  of SRBC with 32 mg SN, 
incubated for  30-40 min a t  37~ The number  of AFC was de te rmined  in the spleen [10]. The r e su l t s  were  
subjected to s t a t i s t i ca l  ana lys i s  with de te rmina t ion  of LDs0 for  bac te r i a  and v i ru ses  and confidence in terva ls  
of o ther  indices [1]. 
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T A B L E  1. E n h a n c e m e n t  o f  R e s i s t a n c e  of  Mice  to P a t h o g e n i c  S t r a i n  of  E. co l i  by Sod ium 
N u c l e a t e  (SN) 

Time of injection 
of SN before 
infection 

Sessional dose of 
SN, mg 

3,5 

32 

4,8, 16,32 
4,8, 16,32 

32 
32 

32 
32 
32 

0,4 

32 

3,5 h 
Control 
3,2, and 1_ days 
Control 
4, 3. 2, and 1 days 
4, 3:2 ,~nd 1 day~ 
Control 
4, 2, and 1 days 

�9 4 2, and 1 days 
Control 
48, 24, and 8 h 
48, 24, and 8 h 
24 h 
Control 

.3, 2, and 1 days 
Co ntrol 

Control 

Method of injection 
of SN 

Intraperitoneally 

Intraperitoneally 

Subcutaneously 
Intramuscularly 

Subcutaneousl.y 
Intraperiton_eally 
Subcutaneously 1 

Subcutaneously t 

Subcutarfeously 

Intramuscularly 

Method of infection 

Intraperitoneally 

Subcutaneously 

Subcutaneousl~ 
Subcutaneously" ~ 
Subcutaneously 1 
Subeutaneousl), 

Intramuscularly 

1Injec ted  into d o r s a l  s u r f a c e .  
2Injec ted  into v e n t r a l  s u r f a c e .  
Legend .  H e r e  and in Tab le  2, each  g roup  c o n s i s t e d  of 16 m i c e .  

LDs0.109 

1,109 
0,67 

>3,076 
1,33 
2,0 
2,0 
1,21 
8,5 
7,62 
3,37 
8,5 
8,5 
6,75 
3,98 
6,76 
4,44 
2,95 
1,95 

<0,01 

<o, oi 

<o~i 
<o21 

<o, oi 
<0,01 

<0-,01 
<0,01 
<O,OI 

<0,01 

<~,01 

T A B L E  2. E n h a n c e m e n t  of  R e s i s t a n c e  of  Mice  to C o n d i t i o n a l l y  
P a t h o g e n i c  M i c r o o r g a n i s m s  by  S N  

Time ofadministra- Sessional 
r2on of SNbeforein- dose of 
fr days SN, mg 

Infection with LDso �9 109 

l 
! 

Control 

1 
Control 
3, 2, and 1 
Zontml 

1 
Control 
3, 2, and 1 
Control 

4 
32 

4 

32 

4 

32 

Pr. vulgaris 

Ps. aeruginosa 

Ser. marcescens 

5,433 
>7,0, 

3,273 

21,13 
12,77 
40,7 
12,4 

3,11 
2,23 
4,0 
2,63 

<0,01 
<0,01 

~O,OI 

<~,o1 

<0,05 

<0,01 

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

I n j e c t i o n  of the  s t i m u l a t o r  by d i f f e r e n t  m e t h o d s  on in fec t ion  of  m i c e  with p a t h o g e n i c  E. co l i  c e l l s  by  the  
s a m e  o r  d i f f e r e n t  m e t h o d s  p r o v e d  to be  h igh ly  e f f e c t i v e  in a l l  c a s e s  (Tab le  1). 

SN c o n s i d e r a b l y  enhanced  the  r e s i s t a n c e  of the  a n i m a l s  to E. co l i  w h e t h e r  i n j e c t e d  once o r  r e p e a t e d l y  
and in s m a l l  o r  l a r g e  d o s e s  (0.4,  3.5,  o r  32 mg) ; r e p e a t e d  i n j ec t i on  e n a b l e s  the  s t i m u l a t i n g  dose  to be  r e d u c e d  
a t  l e a s t  8 0 - f o l d .  D i f f e r e n t  s c h e m e s  of  a d m i n i s t r a t i o n  o f  SN and of in fec t ion  w e r e  u s e d  and they  a l l  d e m o n -  
s t r a t e d  the  g e n e r a l  s t i m u l a t i n g  a c t i o n  of  SN on the  n o n s p e c i f i c  r e s i s t a n c e  of  the  m i c e ;  the  compound  i n c r e a s e d  
the  r e s i s t a n c e  of  the  a n i m a l s  to P r .  v u l g a r i s ,  Ps_..:. a e r u g i n o s a ,  and S e t .  m a r c e s c e n s  t which  a r e  f r e q u e n t l y  
r e s p o n s i b l e  for  b a c t e r i a l  c o m p l i c a t i o n s  tha t  r e s p o n d  with d i f f i cu l ty  to a n t i b i o t i c  t r e a t m e n t  (Tab l e  2). 

L o w - p o l y m e r  homologous  RNA,  i n j e c t e d  in a dose  of  8 mg d a i l y  for  3 c o n s e c u t i v e  d a y s ,  a l s o  s i g n i f i c a n t l y  
e n h a n c e d  the r e s i s t a n c e  of the  m i c e  to E_..~. c o l i :  LDs0 in the e x p e r i m e n t a l  g roup  was  1.523 �9 109 and in the  c o n -  
t r o l  g roup  0.777" 109 c e l l s  (P  < 0.01).  

I t  has  r e c e n t l y  been  shown tha t  one  of  the  m e c h a n i s m s  of the  s t i m u l a t i n g  a c t i o n  of  SN is  s t i m u l a t i o n  of 
the d e t o x i c a t i o n  o f  b a c t e r i a l  endo tox ins  [4]. An  a t t e m p t  was m a d e  to u s e  th is  p h e n o m e n o n  to r e d u c e  the s i de  
e f fec t s  of  k i l l e d  E. co l i  v a c c i n e  (3 �9 108 c e l l s )  wi th  r e s p e c t  to the  fo l lowing  i n d i c e s :  the  l eukocy te  count  a f t e r  
90 min ,  c h a n g e s  in the  i n d i v i d u a l  body we igh t  and w a t e r  c o n s u m p t i o n  in the  c o u r s e  of  18-24 h [8, 9]. In the  
s t i m u l a t e d  m i c e  the  v a l u e s  w e r e :  b e f o r e  and a f t e r  i n j e c t i o n  of  v a c c i n e  10,575 • 1208 and 10,912 • 1735 l euko -  
c y t e s / p l  b lood r e s p e c t i v e l y  (P > 0.05),  ga in  in we igh t  0.65 • 0.22 g, w a t e r  c o n s u m p t i o n  3.33 • 0.33 m l  b e f o r e  
v a c c i n a t i o n ;  in the  v a c c i n a t e d  a n i m a l s  12,967 • 1596 and 8433 • 831 l e u k o c y t e s / p l  b lood (P < 0.001),  a d e c r e a s e  
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Fig.  1. Number  of AFC in spleen of CBA 
mice  immunized  with mix tu re  of SRBC 
and SN (1) or  with SRBC only (2). Curves  
plotted for  mean  numbers  of AFC with 
s tandard e r r o r  a t  P<0 .05  (n=6).  Semi -  
logar i thmic  scale .  Absc i s sa ,  t ime  a f t e r  
immuniza t ion  (in days);  o rd ina te ,  number  
of  AFC p e r  106 nucleated cel ls .  

in body weight by 1.21 + 0.51 g, and water  consumption 1.11 + 0.17 ml;  in the contro l  group 12,041 + 1537 and 
11,208 :~ 1903 leukocytes/]zl blood (P>0.05) ,  and gain in weight 0.63 + 0.3 g r e spec t ive ly .  These  f igures  a r e  
evidence that  the toxic p rope r t i e s  of the killed vacc ine  were  not manifes ted  in mice  s t imulated by SN. The 
immunogenic i ty  of the vaccine  was not reduced under  the c i r c u m s t a n c e s  in these  an ima l s :  When mice  s t imu-  
lated with SN and vaccinated were  infected 2 weeks la te r ,  LDs0 was 932.4 mil l ion,  in an imals  vaccinated only 
it  was 932.2 mil l ion,  in those r ece iv ing  SN only it  was 563 mill ion,  and in the contro l  437.4 mil l ion ce l l s .  P r e -  
l iminary  injection of SN could thus be a way of reduc ing  the side effects  of bac t e r i a l  vacc ines .  

It  is impor tan t  to note that  in the ca se  of al l  the effects  descr ibed  above admin i s t r a t ion  of SN in analogous 
doses  pa ren t e r a l l y ,  nasa l ly ,  and p e r o r a l l y  i nc rea sed  the r e s i s t a n c e  of the mice  to infection by encepha lo-  
myel i t i s  and t i ck -bo rne  encephal i t i s  v i r u s e s  m o r e  ef fec t ive ly  by the p e r o r a l  route:  In the las t  two cases  LDs0 
was 5.88 (P < 0.01) and 7.94 (P < 0.01) t imes  g r e a t e r  than in the cor responding  control  groups.  

The p r epa ra t i on  a lso  p o s s e s s e d  marked  adjuvant  p rope r t i e s :  on the 2nd, 4th, 5th, 6th, and 7th days the 
number  of  AFC in the expe r imen ta l  s e r i e s  was 2.04-10.55 t imes  g r e a t e r  than in the contro l  (Fig. 1), and it  thus 
s u r p a s s e d  the adjuvant  effect  of  DNA [7]. 
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