
E F F E C T I V E N E S S  O F  R I B O N U C L E O T I D E S  F O R  

R E  P L A C E  M E N T  T H E R A P Y  I N  C E R T A I N  D I S E A S E S  

B.  B.  F u k s ,  S. F .  S h e r s h e v s k a y a ,  
L .  M. P o p o v a ,  a n d  A.  L .  S h n a p e r  

UDC 615.272.6.547.963.32o03 

Yeas t  RNA and products  of its enzymic  degradat ion  have  a r ep l acemen t  therapeut ic  effect  in degen-  
e ra t ive  les ions  of the re t ina ,  in spinal  amyot roph ies ,  and in chronic  t rophie  u lce r s .  It is postulated that  
congenital  or acquired d i s tu rbances  of nueleotide me tabo l i sm  (dysnueleotidoses) a r e  an e l emen t  in the 
pathogenesis  of ce r t a in  d i seases .  

In the l as t  decade r e p o r t s  have been published indicating that some  cel l  and body functions can be 
s t imulated by in t e r fe rence  with m e t a b o l i s m  of nucleic acids and the i r  p r e c u r s o r s .  It has  been shown that  
ol igor ibonucleot ides  and ol igodesoxyr ibonucleot ides  s t imula te  the immune r e sponse  in no rma l  and i r r a d i -  
ated an imals  and act ivate  p ro l i fe ra t ion  of an t ibody-forming  and other  cel ls  [4-6, 11, 12, 15, 18]. P o l y m e r s  
of cytidylic and guanylie acids act ivated desoxycyt idyla te-  and desoxyguanyla tekinases  and s t imula ted  p ro -  
l i fera t ion of bacteria [I0]. 

Ribonuelease, in low concentrations, stimulated biosynthesis of antibodies and other proteins in frag- 
ment cultures of the spleen [2, 14]. A mixture of oligoribonueleotides aeeelerateu hypertrophy of the nu- 
eleolus and muscle fibers of the heart in experimental myocardial hypertrophy. RNA stimulated wound 
healing [8]. Data of this type served as the basis of new research in this field. 

In the present investigation the effect of ribonucleotides was studied in certain diseases. 

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

A p repa ra t ion  of yeas t  RNA was given by mouth in cou r se s  of 0.1-0.2 g three  t imes  daily for  7-21 
days.  A s t e r i l i zed  mix tu re  of oligonucleotides - products  of enzymic  hydro lys i s  of yeas t  RNA (RNA in a 
solution containing 5-:10 m g / m l  was t r ea ted  at 45 ~ for  1 h with "Reanal"  pancrea t i c  r ibonue lease ,  200 
#g /ml )  - was applied locally.  

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

The p repa ra t ion  was given to 15 pat ients  (studied by S. F. Shershevskaya) .  These  included 14 pa-  
t ients  with cen t ra l  and pe r iphe ra l  t ape to - re t ina l  degenera t ions  and one patient  with seconda ry  degene ra -  
tive changes of the macu la  lutea assoc ia ted  with p r o g r e s s i v e  myopia .  Before  adminis t ra t ion  of RNA, all 
the pat ients  had been t r ea t ed  unsuccess fu l ly  by repea ted  and prolonged c o u r s e s  of v i tamins  and v a s e -  
di la tor  drugs.  

Subjectively,  14 pat ients  desc r ibed  a ma rked  i m p r o v e m e n t  in vision and c la r i ty  of or ienta t ion in 
da rkness .  Control  p e r i m e t r y ,  c a m p i m e t r y ,  and invest igat ion of dark  adaptation, c a r r i e d  out before  the 
s t a r t  and a f t e r  the f inish of t r ea tmen t ,  showed cons iderab le  i m p r o v e m e n t  in function in 13 of the 15 pa-  
t ients .  The m a x i m a l  ef fec t  was obtained in re la t ion  to dark  adaptat ion,  which was cons iderab ly  improved  
in 13 pat ients .  The twofold i m p r o v e m e n t  in da rk  adaptation observed  in 2 pat ients  with typical  p igmenta l  
degenera t ion  was pa r t i cu l a r l y  demons t ra t ive  in this r e spec t .  An inc rease  in visual  acuity by 0.3-0.5 took 
place in 5 pat ients ,  by 0.2 in 4 pat ients ,  and by not m o r e  than 0.1 in the r e s t .  
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The grea tes t  effect was observed in patients with typical pigmental  degeneration, where in one case 
the visual acuity was increased f rom 0.2 to 0.7-0.8, and in the other f rom 0.2 to 0.5-0.6. Widening of the 
visual field by 20-35 ~ was observed in the two patients with pigmental  degeneration, and by not more  than 
12-15 ~ in the res t .  As a rule widening of the visual field occurred  mainly in the temporal  portion. Trea t -  
ment was ineffective in the patient with changes in the macula  lutea associated with progress ive  myopia,  
and also in secondary  optic atrophy. I n  cent ra l  tapetoretinal  degenerat ions the resul ts  were not as good 
as in typical  pigmental  degeneration. In all cases  the effect  was t rans ient  and disappeared toward the end 
of the f i r s t  month of observation.  Repeated administrat ion of RNA was accompanied by an ea r ly  (after 2-3 
days) and more  lasting (1.5 months) effect. 

RNA was given to 5 patients with spinal amyotrophies  (studied by L. M. Popova). All these patients 
had extensive flaccid pa reses  and para lyses  of the musc les  of the trunk and limbs. One patient had bulbar 
manifestat ions (dysarthria,  dysphagia,  f ibr i l la ry  twitching of the facial  muscles  and tongue). Two patients 
had been on ar t i f ic ia l  resp i ra t ion  for 1 and 7 yea r s ,  respect ively .  Resp i ra to ry  failure or  the f i r s t  degree 
was present  in three other patients.  

The most  marked effect after  adminis t rat ion of RNA was observed in patient G (with bulbar dis turb-  
ances), who had been on art i f icial  resp i ra t ion  for 7 years .  The progress ion  of the bulbar d i sorders  ceased 
in this patient. He was able to manage for 10-15 rain without the resp i ra to r .  The strength of his hands 
and of the trunk musc les  increased,  so that he was able to write and to do mental  work for 6-8 h daily. 
The effect was t empora ry  in charac te r ,  and four fur ther  courses  of t rea tment  were required during a 
period of 7 months. The disease did not p rog re s s  further .  In a second patient, the strength of the paret ic  
muscles  of the limbs increased.  However, after stopping t reatment ,  the pathological p rocess  continued to 
p rogress .  In two patients a slight increase  in strength was observed without neurological  changes. In one 
patient no effect was found~ 

Enzymic  RNA hydrolysate  was applied as external  d ress ings  on 10 patients with chronic indolent 
trophic u lcers  in various situations (studied by A. L. Shnaper); this group included 5 patients with trophic 
u lcers  of the leg, 1 with an u lcer  in the region of an i r reducible  subcutaneous hernia,  1 with an ulcer  of 
the buttock due to syr ingomyel ia ,  and 2 with post t raumatic  u lce rs  of the leg. The leg u lcers  reached 10 x 
17.5 cm in size. The u lcers  in other situations measured  up to 5.5 x 11 era. The duration of the disease 
ranged f rom 9 months to 3 0 years .  All patients had been treated repeatedly �9 In two patients the ulcer  had 
never closed completely.  Before t rea tment  with nucieotides,  the u lcers  had never remained healed for 9- 
18 months despite pers i s ten t  t reatment .  In 7 of the 10 patients t reated with RNA hydrolysate ,  the ulcers  
healed in the course  of 7-45 days. In three cases ,  in e lder ly  patients with severe  concomitant  diseases  
(cardiovascular  failure,  diabetes mell i tus,  chronic osteomyeli t is)  the u lcers  did not heal. 

Before discuss ing these resu l t s  it should be mentioned that the most  marked effect was observed in 
patients with ret inal  degenerat ions.  In experimental  degenerat ion of the ret ina,  a rapid decrease  in the 
RNA content in the cytoplasm of the nerve cells has been observed [3], d i rec t  justification for the clinical 
administrat ion of nucleotides. According to some observat ions [1], functions of the ret inal  nerve cells are  
connected with the state of their  RNA metabol ism. An appreciable effect  was observed also in one patient 
and a moderate  effect in two patients with spinal amyotrophies ,  but these effects were temporary .  The 
improvement  in subjective and objective indices severa l  days after  the beginning of each course  of t rea t -  
ment and the gradual disappearance of the effect after  stopping t rea tment  are  presumptive evidence of the 
effect iveness of t reatment .  Objective evaluation in the group of patients with trophic u lcers  is more  dif- 
ficult. These u lcers  healed in the course  of 7-45 days. Evidence of the effectiveness of administrat ion of 
RNA hydrolysate  was given by the fact  that prolonged pre l iminary  t rea tment  (1-1.5 years)  by other methods 
was unsuccessful .  

When RNA is given by mouth, it undergoes enzymic degradation initially to oligonucleotides. The 
possibi l i ty that some of these products may pass f rom the intestine via the liver into the blood s t r eam 
(when high doses of RNA are given) has never apparently been investigated. The problem of the effective- 
ness  of products of more  intensive RNA degradation taking place in the intestine and liver thus remains .  

The daily dose of RNA given to the patients in this investigation corresponded to its content in about 
300-400 g muscle  t issue. The qualitative composit ion of the yeast  RNA preparat ion is specific: it con- 
s is ts  mainly of t r ans fe r  RNAs with a large quanti ty of s0-cal led  minor  bases.  Ultimately, therefore ,  it is 
possible for  large quantities of oligoribonueleotides (or their  decomposit ion products) of specific s t ructure  
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to en ter  the bodies. It has been shown [9] that RNA-C t4, when given paren te ra l ly ,  d isappears  rapidly  f rom 
the blood s t ream.  In the blood and t issues,RNA undergoes degradat ion to nucleotides,  r iboses ,  and f ree  
bases .  Nucleotides help to fo rm the nucleotide pool of the cel ls .  Ribose is oxidized to CO 2 or  used for  
synthesis  of carbohydra tes .  Nitrogenous bases  are  used for  r e syn thes i s  of DNA or RNA or  are  excre ted  
as allantoin and urea.  Autoradiographical iy ,  this worker  found labeled bases  in the DNA and RNA of var i -  
ous t i ssues .  The paper  cited includes a su rvey  of the extensive l i t e ra tu re  on nucleic acid reut i l izat ion.  
Its author s ta tes  that RNA which has not been broken down is not uti l ized in the ceil.  However,  a number 
of t issue cul ture  investigations have demonst ra ted  that this can in fact  take place [7, 16, 19]. At the same 
t ime,  it has been shown [7] that RNA ass imila ted by cel ls  (lymphoblasts) undergoes degradation within the 
cell.  

There  are  two points of view regard ing  the possible action of its degradat ion products.  One is wide- 
ly accepted: degradation products  of RNA are uti l ized for  synthesis  of cel l  RNA and DNA. 

The second point of view is based on the assumption that RNA degradat ion products  in some way 
regulate  cer ta in  cel l  functions. It has been shown that products  of hydrolys is  of RNA and DNA act ivate 
cel l  growth and mult ipl icat ion [17]. A mixture  of bases  (adenine, guanine, cytosine,  uraci l )  or of the co r -  
responding r ibonucleot ides was ineffective. These workers  conclude that oligonucleotides are  the active 
principle.  It is known [10] that synthetic po lymers  of cytidylic and guanylic acids act ivate desoxycytidyl-- 
a te-  and desoxyguanylatekinases .  

Some pathological  p roce s se s  of uncertain etiology {especially in the nervous  system) are  accom-  
panied by a de c r ea se  in the content and a re locat ion of the RNA in the cell. Very probably this is due not 
only to dis turbance of DNA-dependent RNA synthesis ,  but also to d is turbances  of synthesis  of p r e c u r s o r s  
and of uti l ization of degradation products  of nucleic acids. It may  thus be a ma t t e r  of an insufficiency of 
nucleotides or  d is turbances  of thei r  metabol ism,  i .e . ,  of dysnucleot idoses  of a specif ic  type. A d i rec t  
argument  in support  of the validity of this assumption in the presen t  s e r i e s  of observat ions is the demon-  
s t rable  r ep l acemen t  therapeut ic  effect  of degradat ion products  of RNA in the disease  mentioned above, 
cha rac t e r i zed  by dis turbances  of ce l l  nutrit iora 

The wr i t e r s  cons ider  that the rep lacement  effect  of hydrolys is  products  of yeast  RNA is based on 
col lect ion of the def ic iency of products  of this type in the cell.  The assumption that local d is turbances  of 
nucleotide metabol i sm in the cel ls  and t i ssues  may  be presen t  is per fec t ly  justified, for  different ia ted 
cel ls  evidently do not obtain substances of this type f rom outside sources ,  but synthesize them themselves .  
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