
Considering data in the l i te ra ture  and the resul ts  of the present  experiments  on activation of phage RNA 
polymerase  and synthesis  of phage DNA and RNA by DMSO, it can be concluded that one mechanism of its action 
is by its activation of phage RNA polymerase  in vivo. Since this enzyme is essential  both for  t ranscr ip t ion of 
the gene coding DNA polymerase  and for the initiation of DNA synthesis [3], it can be postulated that the s t imu- 
lant action of DMSO on the synthesis  of phage DNA is the resul t  of activation of phage RNA potymerase .  This 
is conf i rmed by the following facts:  1) maximal activation, constant in value, of reproduction of phage T-3 by 
DMSO was observed during the f i rs t  6 rain of the latent period, i.e., the period sensitive to the action of the 
compound was between the 5th and 6th minutes, when t ranscr ip t ion  of the f i rs t  genes of the nlate region ~ - of 
DNase, DNA polymerase ,  etc. - by phage RNA polymerase  begins [2] ; 2) at the same time DMSO did not act i -  
vate the reproduct ion of phages T-4 and ~ which, unlike phages T-3 and T-7, utilize the intraeel lular  RNA 
polymerase  af ter  modifying it. 

The resul ts  showing that r imantidine select ively blocks phage RNA polymerase  and the hypotheses ex- 
p re s sed  above regarding the possible mechanism of action of DMSO formed the basis  for studies of the action 
of these compounds when used together.  Exper iments  showed part ial  blocking of their  mutually opposite action 
on the synthesis  of phage macromolecu les  (Fig. 3) and the total abolition of the inhibitory action of rimantidine 
on the yield of infectious phage T-3. 

The hypotheses regarding  the action of rimantidine and DMSO expressed  above can serve as the basis for 
fur ther  study of the mechanisms of action of these compounds on the s t ructura l  and functional components of 
phage s. 
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In a se r ies  of exper iments  2250 tadpoles were infected with three s t ra ins  of NAG vibrios.  It can 
be concluded f rom the resul ts  of bacter iological  and pathomorphological  e l ec t ron -mic roscop ic  
and light=-optical investigations that during the f i rs t  2 days the animals  develop and r ecove r  f rom 
an acute infection, but the vibr ios  la ter  pers i s t  for a long t ime in the body of the tadpoles and are  
excre ted  with the feces into the surrounding medium. 
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The problem of cholera  and NAG infection cannot be solved without elucidation of the nature of interepide- 
mic per iods.  It is pa r t i cu la r ly  important  to d iscover  the fac tors  which maintain the endemici ty of the infection 
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Fig. 1. Dynamics of positive cul tures  of NAG-vi 
br ios  from tadpoles.  Ordinate, positive cul tures 
of NAG vibrios (in %); abscissa ,  t ime after  infec- 
tion (in days), a) Group of animals  infected with 
s train No. 75 of NAG vibrio; b) group infected with 
s t ra in  318/g of NAG vibrios;  c) group infected with 
s t ra in  A-167 of NAG vibrio. 

in the foci and cause fresh outbreaks of the disease.  There  are  repor ts  in the l i te ra ture  that vibrios can be 
p rese rved  for a long time, up to 2 years ,  in static water  tanks, and can even survive the winter; there  is also 
evidence of the role of hydrobionts as t e m p o r a r y  c a r r i e r s  of vibrios.  However, no investigator has noted 
whether the hydrobionts develop an illness af ter  infection or  whether the vibr ios  multiply in these o rgan isms  
[2-4, 7-9]. 

The wr i t e r s  showed previously [5] that larvae of Rana t emporar ia  are  highly sensitive biological reagents  
for the exotoxin eholeragen. These observations,  in our view suggests  that v ibr ios  can produce an infectious 
disease in hydrobionics.  

It was accordingly decided to undertake investigations to study the possibil i ty that tadpoles may develop 
an NAG infection, to determine whether the vibr ios  multiply in them, and to establish the duration of their  pe r -  
sistence in the body of the tadpole. 

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

Altogether 3000 tadpoles aged from 8 to 30 days were used; they were infected with the following s trains  
of NAG vibrios:  No. 75, 318/g, and A-167 (750 tadpoles for each strain). For  this purpose,  250 tadpoles were 
kept for 2 h in water infected with one of the s t ra ins  of vibr ios  (7 �9 10 ~ bacter ia l  cells to 100 ml water). The 
animals were then washed five t imes with dechlorinated water  and t r ans fe r r ed  to glass crys ta l l iza t ion tanks in 
500 ml of aerated tap water.  The experimental  and control tadpoles were kept under identical conditions at a 
tempera ture  of 20-24~ washed daily with dechlorinated water,  and fed with pulped fresh nettle. Bacter iologi-  
cal tes ts  on homogenates of five tadpoles and homogenates of five intestines of the animals of all the exper i -  
mental groups and of the water  in which they lived were ca r r i ed  out 2 h after  infection (the initial time), when 
the number of vibr ios  isolated was taken as 100%, and then daily until the end of the investigations for 30 days. 
The homogenates and their  dilutions, as well as water  f rom the experimental  crysta l l izat ion tanks, were seeded 
on dishes with TCBS, Endo 's  and Levine 's  media. The seedings were read after  incubation for 18 h at 37~ 

The technique of the e l ec t ron-mic roscop ic  investigations was descr ibed previously [1]. Tadpoles for his-  
tological investigation were fixed in Carnoy ' s  mixture. A segment of small  intestine was embedded in paraffin 
wax and t r ansve r se  sections 5 ~ in thickness were cut and stained with hematoxyl in-eos in .  Mitoses were 
counted in 10 sections in each case, i.e., on the average in 2000-3000 enterocytes .  

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

During the f irst  3 days many colonies capable of being counted in dilutions were found on the dishes with 
TCBS medium. On the fourth to fifth day and la ter  the vibr ios  in homogenates of the tadpoles t i ssues  could not 
be est imated quantitatively, fo r the re  were few of them and they did not grow on TCBS medium. Vibrios were 
seeded for 30 days f rom water in which the tadpoles of the experimental  groups were kept. The presence  of 
vibrios in the medium in which the tadpoles lived indicated that they continued to excrete  the v ibr ios  into the 
medium, and for that reason after  the fifth to sixth day the bacteriological  tes ts  for the presence  of vibr ios  in 

1046 



Fig. 2. Smal l  in tes t ine  of tadpole:  a) intact  an ima l s ;  b) 1 day a f t e r  infect ion with NAG 
v ib r io s ;  c) 3 days a f t e r  infection with a s t r a in  of NAG vibr io ;  d) 10 days a f t e r  infection with 
a s t r a i n  of NAG vibr io .  Hematoxyl in -eos in ,  500 x. 

the t adpoles  were  qual i ta t ive  only. Homogenate f rom the t i s s u e s  of five tadpoles ,  i ts  di lut ions,  and a l so  the 
wa te r  in which the tadpoles  l ived  were  seeded  on a lka l ine  peptone wa te r  (enr ichment  medium) followed by r e -  
seeding  on TCBS medium. 

It wil l  be c l e a r  f rom Fig.  1 that  the number  of v i b r i o s  seeded  f rom tadpoles  d e c r e a s e d  daily,  and on the 
fifth day a f t e r  infection the p r e s e n c e  of v ib r i o s  in the an ima l s  could be de t e r m i ne d  only qua l i ta t ive ly .  The 
l a r g e s t  number  of v ib r i o s  was seeded  f rom tadpoles  of the expe r imen ta l  group infected with s t r a in  A-167 of 
NAG v ibr io .  In these  an ima l s  the number  of v i b r i o s  on  the second to t h i r d  day became  s tab i l i zed ,  but on the 
fifth to s ixth day the p r e s e n c e  of v ib r i o s  in the in tes t ine  of the an ima l s  could be de t e r m i ne d  only qual i ta t ive ly .  
Second p lace  as  r e g a r d s  the number  of pos i t ive  cu l tu res  was occupied by the group of t adpoles  infected with 
s t r a in  318/g of NAG vibr io ,  fol lowed in t h i r d p l a c e b y a n i m a l s  infected with s t r a in  No. 75. It wil l  be noted that  
on the second to t h i r d  day the wa te r  in the e x p e r i m e n t a l  c r y s t a l l i z a t i o n  tanks  (espec ia l ly  in the case  of infec-  
t ion with s t r a in  318-g) was yel low in co lor  and contained no sol id  p a r t i c l e s  of feces .  In the c r y s t a l l i z a t i o n  tanks  
containing intact  t adpoles  the wa te r  was t r a n s p a r e n t  and contained so l id  p a r t i c l e s  of feces .  No d i f ference  was 
found in the behavior  of the an ima l s  of the expe r imen ta l  and control  groups.  At autopsy on tadpoles  of the e x -  
p e r i m e n t a l  groups 18-72 h a f t e r  the t ime  of infection, the in tes t ine  was swollen,  e a s i l y  to rn  with fo rceps ,  and 
had gelant inous contents .  F r o m  the fourth day and until  the end of the expe r imen t s  no v i s ib le  changes were  ob-  
s e r v e d  in the intest ine.  

It a cco rd ing ly  a p p e a r e d  in t e re s t ing  to study the dynamics  of development  of the pathological  changes and 
the r e p a i r  p r o c e s s e s  in the sma l l  intest ine of t adpo les  infected with the v ib r io s .  

On e l e c t r o n - m i c r o s c o p i c  invest igat ion of ep i the l i a l  ce l l s  of the smal l  intes t ine 2-4 h a f t e r  exposure  to 
NAG toxin changes were  d i s c o v e r e d  in the ap ica l  por t ion of the ce l l s  and were  focal  in c h a r a c t e r .  They took 
the fo rm of deformat ion  of the mic rov i l l i ,  i n c r e a s e d  ves i c l e  fo rmat ion ,  en l a rgemen t  of the d i a m e t e r  and defor -  
mat ion of the mi tochondr ia :  Condensat ion and homogenizat ion of t h e i r  m a t r i x  were  found at the same t ime.  

A f t e r  20-24 h the changes d e s c r i b e d  above in the ep i the l ia l  c e l l s  were  joined by edema  of the basa l  pa r t  
of the c e l l s  and by the appea rance  of l y s o s o m e s  in l a r g e r  numbers  than 2 h a f te r  the beginning of action of the 
toxin. The i n t e r c e l l u l a r  spaces  of the ep i the l ia l  l a y e r  were  widened, e s p e c i a l l y  in the basa l  par t .  

1047 



The endothelial cells in the blood capil lar ies  of the submucous layer  were edematous,  the noncellular com-  
ponent of the basal layer  was thin and friable, and the per ieapi l lary  zone also was edematous.  

The resul ts  of the e lec t ron-mic roscop ic  investigation thus show that during the f i rs t  2 h af ter  the begin- 
niug of action of the enterotoxin of the NAG vibrios on the epithelial cells  of the intestine its focal eytotoxic 
effect was visible, and by 20-24 h af ter  the beginning of exposure increased outflow of fluid from the capi l lar ies  
was added to these changes. Migration of fluid f rom the per ieapi l lary  zone into the basal par t  of the epithelial 
cells could also be deduced f rom the widening of the intercel lular  spaces in the basal  part  of the epithelial l ayer  
of the intestine and the edema of the epithelial cells in this zone. 

Light-optical  investigations of the sections showed that 24 h after  infection the height of the epithelium 
and the thickness of its brush border  were reduced in the small intestine of tadpoles of R. t empora r i a  (Fig. 2a, 
b). Around the nucleus there was a thin r im of cytoplasm. Sometimes the nuclei were i r regular  in shape. 
Hardly any mitoses  were present  in the enterocytes .  On the third day the state of the enteroeytes  was close to 
normal.  The nuclei were a r ranged in several  rows and were swollen; most of them were in the ear ly  phases of 
cell division. The mitotic index (MI) was sharply increased:  Whereas in intact tadpoles at the same stage of 
development it was 18.76 ~ in the experimental  ser ies  MI was 132 ~ i.e., prol iferat ion was increased  seven- 
fold (Fig. 2c). On the 10th day the microscopic  s t ructure  of the enterocytes  was normal  (Fig. 2d). MI in the 
control group was 19.60 ~ and in the experimental  group 28.33~ . The prolonged increase in the intensity of 
prol iferat ion was evidently due to the fact that the tadpoles remained c a r r i e r s  of vibr ios  for a tong time. 

The resul ts  of the clinical, bacteriological ,  e l ec t ron-microscop ic ,  and l ight-optical  investigations show 
that the tadpoles developed an acute infectious disease during the f i rs t  2 days, and thereaf te r  the vibr ios  pe r -  
s is ted in thebody of the tadpoles for up to 30 days and were excreted with the feces into the surrounding medium. 
This opens up fresh aspects  in the study of the ecological interrelat ions between vibrios  and the surrounding 
medium and it indicates that hydrobiont-s may play a role in the maintenance of the endemicity of infections 
caused by vibrios.  
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