
INCREASING RESISTANCE TO INFECTIONS 

WITH NUCLEIC ACID PREPARATIONS 

Vo Mo Z e m s k o v  uDC 612. 017.1. 014.46:615.31:547. 936.32+ 
616.9-056-02:615.31:547.963.32 

Experiments  on mice  showed that prophylactic administrat ion of cer tain RNA preparat ions  
considerably increases  the nonspecific res is tance  of the animals to infection with Salmonella 
equi. This increased res is tance  is formed 4 h after  administrat ion of the RNA. By corn 
bining prophylactic (before infection) and therapeutic (after infection) administrat ion of 
sodium nuleeate the percentage of surviving animals was increased.  The antitoxic im-  
munity was potentiated by administrat ion of a combination of crude tetanus toxoid with 
RNA. 

The wri ter  has shown previously [2] that prophylactic administrat ion of yeast  RNA to mice increased 
their  nonspecific res is tance  to infection with Salmonella equi. 

This paper descr ibes  the fur ther  study of this phenomenon. 

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

Albino mice weighing 20-25 g were used. The animals received one or  more  intraperi toneal  injec-  
tion of various preparat ions  of yeast  RNA: American,  Brit ish (Gee Lawson), Soviet TU 10P 197-68 (I), 
and high-molecular-weight  TU 10P 224-68 (II), produced at the Olainskii Fac to ry ;  total yeast  t ransfer  
RNA [3], and also sodium nucleate in doses of 8-16 mg per mouse.  

The animals were infected with various doses of a 22-h agar  culture of S. equi. In some exper i -  
ments  the mice were immunized with 3 or 10 standard units nativetetanus toxoid (batches 924 and 935)and 
with yeast  RNA, which was incubated for 1 h at 22~ and then injected subcutaneously into the right flank 
of the mice~ Two weeks later  the animals received an injection of g lycer inerated tetanus toxin (batch 655) 
diluted 1. 7500 with physiological saline, Death of the mice receiving the toxin was recorded  as a rule at 
intervals  of 1-2 h for the f i rs t  24-30 h, and then every  day for  10-11 days.  In the analysis  of the resul ts  
the time of death of the mice was defined as the logari thm (log 2) of the t ime of their  death in hours,  and a 
conventional survival time of 9.91 h was assigned to the surviving mice [4]. The value of LDh0 also was 
determined by the method of Ashmarin  and Vorob 'ev [1], with the aid of the • cr i ter ion.  

EXPERIMENTAL RESULTS 

When all the RNA prepara t ions  were tested they were found to be effective and they considerably 
prolonged the life of the infected animals  (Table 1). Both t ransfer  and high-molecular-weight  RNA (6.9 S) 
and sodium nucleate were found to be effective. 

It was important to determine the minimal time during which increased res is tance  to infection de-  
velops.  The resul ts  in Table 2 show that nonspecific res is tance  begins to r i se  slightly 2 h after  injection 
of RNA~ However, in this period the difference from the control is not yet significant. After 4 h non- 
specific res i s tance  was considerably increased;  this was taken as the minimal effective t ime. Subse- 
quently the res is tance  increased still fur ther .  Integrity of the RNA molecule is not essential  for its p r o -  
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TABLE 1. I n c r e a s e  in R e s i s t a n c e  of Mice to Sa lmone l la  Infect ion P roduced  by V a r i ous  RNA P r e p a r a t i o n s  

(M:E m) 

Expt.  

2* 

P r e p a r a t i o n  

T r a n s f e r  RNA, 7.5 m g  18 h be fo re  
RNA (USA), 7 .5  rag, 18 h be fo re  

RNA-I  (USSI~), 7 .5 rag, 18 h be fo re  
Not i n j ec t ed  
RNA (USA), 16 rag, 21 h be fo re  
RNA-II  (USSR), 16 rag, 21 h before  
Sodium nuc lea te ,  16 rag, 21 h before  
Not in jec ted  

In fec t ing  dose 

of S. equi  
(number  of 
b a c t e r i a l  

ce l ls )  

640 mi l l i on  

640 " 

640 " 

640 ' "  

I .  28 b i l l ion  

1.28 " 

1.28 " 

10 28 " 

N u m b e r  
of m i c e  

9 
10 
10 
10 

10 
10 

9 
9 

Log z of m e a n  
l ife  span  
(in h) 

7 . 6 2 •  
7 . 1 7 •  
7.75 • 1 .13 
4 . 8 8 •  
5 ~ 1 7 7 1 7 6  
6002•  0.68 
6059• 1 . 6 3  
4 .52 •  0 .3  

*Death of the a n i m a l s  was r e c o r d e d  e v e r y  24 h. 

P 

< 0 . 0 1  
< 0. 001 
< 0. 001 

< 0 . 0 5  
< 0. 001 
< 0 . 0 2  

TABLE 2. D y n a m i c s  of I n c r e a s e  
in R e s i s t a n c e  of Mice to Sa lmone l l a  
Infect ion Af te r  In jec t ion  of RNA* 
(M• m) 

t [ 
Time of in- INurn-I Log 2 of 
jection of RNAIber of Imean life 
(8 mg per [mice [span (in h) 
mouse)before I 
infection (inh) I 

2 
4 
6 
8 

10 
I2r 
12 
14 
16 

Not in- 
jected 

10 
10 
10 
lO 
10 
I0 
11 
I0 
10 

10 

4,11• 
4,19• 
4,56• 
4,94• 
5,1• 

4,85• 
6,59+_ 0,91 
4,91• 1,04 
5,43• 1,56 

3,35• 

>0,05 
<0,05 
<0,02 
<0,01 
<0,01 
<0,01 
<0,001 
<0,01 
<0,02 

*Mice infec ted  with 1.28 b i l l i on  
So equi  c e l l s .  
~RNA hea ted  to 100~ for  30 min .  

t ec t ive  effect .  This  effect  was  not  abo l i shed  even a f t e r  b o i l i n g  
the RNA for  30 m l n  (Table 2). Indeed, it  may even  have been  
s t r eng thened~  

T e s t s  of the p ro t ec t i ve  ac t ion  of sodium nuc lea te  a g a i n s t  
Sa lmone l l a  in fec t ion  showed that i ts  ac t ion  is  s i m i l a r  to that of 
RNA p r e p a r a t i o n s  [2]. In e x p e r i m e n t s  on 80 m i c e  it  was m o r e  
ef fec t ive  ( in jec t ion  of 8 m g  pe r  m o u s e  20 h before  infect ion)  if 
the a n i m a l s  we re  infec ted  with l a rge  d o s e s .  

The p ro t ec t i ve  ac t ion  of sodium nuc l ea t e  a ga i n s t  in fec t ion  
was s t r e n g t h e n e d  if the p r e p a r a t i o n  was  in jec ted  twice,  once 
be fo re  in fec t ion  and once 40 ra in  a f t e r  infec t ion ,  and then given 
da i ly  for  10 days t h e r e a f t e r .  LD~0 in th is  e x p e r i m e n t  was s i g -  
n i f i c a n t l y  (P< 0.01) h ighe r  than LD~ for  the con t ro l  (Table 3), 

a l though in th is  case  a l so  the sodium nuc l ea t e  was m o s t  ef fec t ive  
when the m i c e  were  infec ted  with l a rge  doses  of the cu l t u r e .  

F i n a l l y ,  in  the l a s t  s e r i e s  of e x p e r i m e n t s  the effect  of RNA 
was s tud ied  on the f o r m a t i o n  of i m m u n i t y  to t e tanus  by i n j ec t i on  
of t e t anus  toxoid.  By c o m b i n i n g  the toxoid with BNA it was p o s -  
s ib le  to i n c r e a s e  the l eve l  of i m m u n i t y  p roduced ,  a l though the 
effect  depended on the dose of s t i m u l a t o r  or  of toxoid (Table 4). 

TABLE 3. I n c r e a s e  in R e s i s t a n c e  of Mtce to Sa lmone l la  
Infec t ion  by Means  of Sodium Nuclea te  

Injection of sodium 

nucleate 

.~ ~ l  Life span 

~ = ~  ~-~ ~ d  
LDso 

Doses of 8 mg 48 and 20h 
before infection . . . . .  ] 1,28 

Dose of 4 mg 40 rnin after I 0,64 
infection . . . . . . . . . . .  

21 h after infection . . . . .  0,32 
Daily for 10 days . . . . . .  0,16 

l0 
10 

10 

10 

6,58_+ 0,9 
7,69+_ 1,13 

8,47• 1,11 

9,6i• 

<0,001 
<0,01 

>0,05 

>0,05 

3,96 x l0 s 

Not injected . . . . . . .  

1,28 
0,64 
0,32 
0,16 

10 3,89• 
10 5,2• 1,54 
10 7,22--+ 1,54 
10 8,52 ~_ 1,09 

2,12• s 

I 
<0,01 
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T A B L E  4. S t i m u l a t i o n  of I m m u n i t y  A g a i n s t  T e t a n u s  b y  Means  of 

RNA* 

~pt. 

5.* 

Injection of preparations 
Num- ~o No. 
be rof ct'v~mZ s ur-. "l 
mme " ~ wwng I 

3 standard units toxoid+16 m~RNA (British: 
The same+ 80 mg RNA (British) 
The same+ 80mgRNA (Soviet) .... 
3 EC units toxoid- 

20 8 
23 3 
22 9 
20 10 

1 2  
20 
13 
I0 

X a P 

J 
0,39 > 0,05 
6,76 <0,01 
0,34 > 0,05 

71" 10 standard units toxoid +16 mg RNA (British) 41 4 37 9,7 [ <0,002 
10 standard units toxoid 40 16 24 - -  ] - -  

$ 10 standard units toxoid +16 mg RNA (British)[ 58 38 20 13,01 ] <0,001 
10 standard units toxoid 57 53 4 - -  [ --  

Unimmunized animals 20 20 0 - -  - -  

* I m m u n i t y  w i t h  t e s t e d  by  i n j e c t i o n  of  tox in  (1:7500) 2 w e e k s  a f t e r  

i m m u n i z a t i o n .  

~Toxin  of  b a t c h  924.  

~l?oxin of  b a t c h  935.  

T h e  l e v e l  of  i m m u n i t y  c o u l d  be  r a i s e d  by  i n c r e a s i n g  the  d o s e  of  t o x o i d  a n d  g i v i n g  the  s a m e  d o s e  of s t i m u -  

l a t o r  ( e x p e r i m e n t s  N o s .  6 and  7) o r  by  i n c r e a s i n g  the  d o s e  of s t i m u l a t o r  and  g i v i n g  the  s a m e  d o s e  of t o x o i d  

( e x p e r i m e n t  No.  6). 

T h e  m e c h a n i s m  of s t i m u ! a t i o n  of  a n t i t o x i c  i m m u n i t y  i s  no t  y e t  c l e a r .  It i s  l o g i c a l  to s u p p o s e  tha t  the  
m o l e c u l e s  of  t ox in  and  BNA m a y  f o r m  a c o m p l e x  [5], t h e r e b y  c o n f e r r i n g  i n c r e a s e d  i m m u n o g e n i c i t y  on the  

a n t i g e n .  H o w e v e r ,  t h i s  has  no t  y e t  b e e n  d e m o n s t r a t e d  e x p e r i m e n t a l l y .  
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