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C o m b i n e d  a c t i o n  of r i b o v i r i n  a n d  r i m a n t a d i n e  in  e x p e r i m e n t a l  m y x o v i r u s  i n f e c t i o n  

G. A. Galegov, N. L. Pushka r skaya ,  N. P. Obrosova-Serova  and  V. 1V[. Zhdanov  
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SummaCy. This communica t ion  p resen t s  the  resul ts  of the  compara t ive  s t u d y  of the  chemothe rapeu t i c  ac t iv i ty  of r ibo- 
vir in (virazol) and  r iman tad ine  and  the i r  combined  act ion on the  exper imen ta l  inf luenza infect ion in t issue cul ture  and 
in vivo. 

Numerous  a t t e m p t s  to find chemothe rapeu t i c  subs tances  
ac t ive  t owards  the  inf luenza  virus  have  revealed such 
ac t iv i ty  in a d a m a n t a n  der ivat ives ,  par t icu lar ly  in r im-  
an t ad ine  ( ~ - m e t h y l - l - a d a m a n t a n - m e t h y l a m i n e )  1. I t  has  
also been  shown 2, 3 t h a t  r ibovir in  (virasol), an anomalous  
nucleoside,  1-fl-D-ribofuranosyl-1,  2, 4-tr iazole-3-carbo- 
xamide ,  which  is a p p a r e n t l y  a s t ruc tu ra l  analogue of 
xanth i l ic  acid, effect ively inhib i t s  the  reproduc t ion  of 
o r tho-  and  pa ramyxov i ruse s  in t issue cul ture  and exhib i t s  
a m a rked  p ro tec t ive  effect  in vivo.  The mechan i sm of 
the  selective an t iv i ra l  ac t ion of r ibovir in  remains  to  be 
e lucidated,  since the  inh ib i to ry  effect  of the  r ibovir in-5 ' -  
m o n o p h o s p h a t e  on the  ac t iv i ty  of the  inos in-5 ' -mono-  
p h o s p h a t e  dehydrogenase  m a y  al ter  the  b iosynthes is  of 
the  guanyl  nucleot ides  and  m a y  damage  the  b iosynthes is  
of b o t h  v i ra l  and  cellular RNAs*.  
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Fig. 1. Action of various concentrations of rimantadine alone (1) and 
in the combination with ribovirin, 12.5 [zg/ml (II) and 25 ~tg/ml (III) 
on infectious titer of FPV at m.o.i, of 0.001 PFU/cell 24 h after in- 
fection. 
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Fig. 2. Action of various concentrations of ribovirin alone (1) and in 
combination with rimantadine, 0.65 [zg/ml (II) and 2.5 ~tg/ml (III) 
on infectious titer of FPV at m.o.i, of 0.001 PFU/cell 24 h after in- 
fection. 

This communica t i on  p resen t s  the  resul ts  of the  compara -  
t ive s t u d y  of t he  chemothe rapeu t i c  ac t iv i ty  of r ibovir in  
and r i m a n t a d i n e  and of the i r  combined  act ion on ex- 
pe r imen ta l  inf luenza infection.  
Materials and methods. The tox ic i ty  of t h e  b o t h  c o m p o u n d s  
were de t e rmined  by  the i r  in t roduc t ion  in to  the  48-h-cul- 
ture  of chick emb ry o  f ibroblas ts  grown in the  med i um 
199. The cul tures  were observed  for 2 days.  Ribovi r in  
did no t  cause a n y  cy topa th i c  effects  a t  concen t ra t ion  up 
to 600 btg/ml. R i m a n t a d i n e  caused the  cy topa th i c  effect  
a t  t he  concen t ra t ion  of 50-60 ~tg/ml. 
E x p e r i m e n t s  were conduc ted  wi th  the  Weibr idge  s t ra in  
of fowl plague virus  5 (FPV) and  the  F runze  s t ra in  of A2 
inf luenza virus v i ru len t  for mice. Chick embryo  f ibroblas t  
monolayers  were infected wi th  F P V ,  and  the  an t iv i ra l  
drugs dissolved in the  m e d i u m  199 were  added  af ter  
abso rp t ion  of t he  virus.  Af ter  20-h- incubat ion,  infect ious 
and hemagglu t in in  t i te rs  were de t e rmined  by  the  rout ine  
me thods .  
Swiss mice (8-10 g) were inocula ted  by  the  in t ranasa l  
rou te  w i th  inf luenza A2 virus  F runze  s t ra in ,  5-10 LDs0, 
t h a t  caused the  d e a t h  of 60-70% of contro l  mice. The 
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Fig. 3. Combined action of rimantadine and ribovirin on the repro- 
duction of FPV at various m.o.i. I, control; II, ribovirin (25 ~g/ml); 
III, rimantadine (1,25 ~tg]ml); IV, combination of both compounds 
at the same doses. 
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a n t i v i r a l  d rugs  d issolved in t he  dis t i l led w a t e r  (0.2 ml) 
were g iven  p.o .  once 1.5 h before  infect ion.  Cont ro l  ani-  
ma l s  rece ived  wate r .  R ibov i r i n  was k i n d l y  g iven  b y  t he  
Leder le  A m e r i c a n  C y a n a m i d  Company ,  USA.  R i m a n -  
t a d i n  h y d r o c h l o r i d e  was k ind ly  g iven  b y  Dr  Y. Y. Polls  
f rom the  I n s t i t u t e  of Organic  Synthes is ,  L a t v i a n  A c a d e m y  
of Sciences, Riga,  U S S R .  
Results. I t  is seen f rom figure 1 t h a t  b o t h  r i m a n t a d i n e  
and  r i bov i r i n  e f fec t iv i ty  i nh i b i t  t he  r e p r o d u c t i o n  of FPV.  
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Fig. 4. Protective action of ribovirin and rimantadine on the ex- 
perimental infection of mice with influenza A 2 virus. I, control group; 
II, rimantadine 10 mg/kg; III, ribovirin 200 mg/kg; IV, both com- 
pounds at the same doses. 40 mice per group up. 

Decrease  to 1.5-2.0 log P F U / m l  is ach ieved  w i th  12.5 txg/ 
ml  (5 • 10 -5 M) of r i bov i r i n  a n d  0.65 ~g/ml  (3.5 • 10 -6 M) 
of r i m a n t a d i n e .  R ibov i r in ,  in  t h e  c o n c e n t r a t i o n  of 50 a n d  
100 ~g/ml,  sha rp ly  inh ib i t s  t he  syn thes i s  of h e m a g g l u t i n i n  
and  t he  infec t ious  virus ,  even  if t he  m .o . i ,  is 5-10 P F U /  
cell (not  shown  in t he  figure).  
The  c o m b i n e d  use of b o t h  c o m p o u n d s  gives an  a d d i t i v e  
effect. As is seen f rom figure 1, t h e  c o m b i n a t i o n  of r i m a n -  
t a d i n e  (0.65 ~g/ml) a n d  r i bov i r i n  (12.5 ~xg/ml) decreases  
t he  infec t ious  t i t r e  to  4 log P F U / m l ,  t h a t  is 0.7 log P F U /  
ml  more  t h a n  t he  sum of t he  effects  of r i m a n t a d i n e  a n d  
r ibov i r in  a t  t he  g iven  doses. A l m o s t  comple te  i n h i b i t i o n  
of the  v i rus  r e p r o d u c t i o n  is ach ieved  b y  the  c o m b i n e d  
ac t ion  of t he  increased  doses of r i m a n t a d i n e  (1.25-2.5 
~g/ml) a n d  r ibov i r in  (12.5-25 ~g/ml).  
F igure  2 shows how the  a d d i t i o n  of r i m a n t a d i n e  in- 
creases the  i n h i b i t o r y  ac t ion  of r ibov i r in .  I t  is seen f rom 
these  d a t a  t h a t  the  c o m b i n a t i o n  of r ibov i r in  (3-6 ~g/mt) 
a n d  r i m a n t a d i n e  (0.65 ~xg/ml) gives a n  i n h i b i t o r y  effect  
wh ich  is more  t h a n  t h a t  of r i bov i r i n  in t h e  concent ra t ior .  
of 25 ~g/ml.  I t  is also seen t h a t  t he  c o m b i n e d  effect  oi 
b o t h  c o m p o u n d s  is more  t h a n  t he  sum of the  effects  of 
b o t h  c o m p o u n d s  a t  t he  g iven  doses. 
I t  is also seen f rom figure 3 t h a t  t he  c o m b i n a t i o n  of b o t h  
c o m p o u n d s  is more  ef fec t ive  t h a n  t he  use of t h e m  alone,  
t h o u g h  the  effect  depen~ds on  t h e  m,o . i .  The  p r o t e c t i v e  
effect  of t he  c o m p o u n d s  in t he  e x p e r i m e n t a l  infec t ion  of 
mice is shown in f igure  4. Aga in  i t  is seen t h a t  t he  pro-  
t ec t ive  effect  of t he  c o m b i n e d  ac t ion  of t he  c o m p o u n d s  
is cons ide rab ly  h ighe r  t h a t  t he  s u m  of t he  effects of b o t h  
c o m p o u n d s  g iven  alone.  

Bacter ia l  b i o l u m i n e s c e n c e  in c h l o r o p h t h a l m i d  d e e p - s e a  f ish:  
A p o s s i b l e  i n t e r r e l a t i o n s h i p  b e t w e e n  the  l ight  o r g a n  a n d  the  eyes  

H. Somiya  1 
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Summary. A smal l  pe r i ana l  l igh t  o rgan  was  found  on a v e n t r a l  p a r t  of t he  b o d y  of C h l o r o p h t h a l m u s  spp. Simple tests ,  
h is to logical  p r e p a r a t i o n s  and  bac te r i a l  cu l tu re  of the  l uminous  c o n t e n t s  c lear ly  ind ica ted  t h a t  t he  luminous  s u b s t a n c e  
consis ts  of symbio t i c  bac ter ia .  The  un ique  eyes of C h l o r o p h t h a l m u s  spp. suggests  a possible  i n t e r r e l a t i onsh ip  be tween  
t h e  eyes  a n d  t h e  newly  obse rved  l igh t  organ.  

C h l o r o p h t h a l m u s  spp. (Iniomi) ,  a b e n t h o n i c  genus,  occur  
a t  m o d e r a t e  d e p t h  (150-750 m) t h r o u g h o u t  t rop ica l  a n d  
t e m p e r a t e  regions  of t he  world.  T h e y  are n o r m a l l y  u n d e r  
12 inches  long2. The  eyes of C. agassizi  has  been  descr ibed  
b y  D e n t o n  * as possess ing b r i g h t  yel low lens. Somiya  a n d  
T a m u r a  4 a n d  S o m i y a  5 h a v e  also r epo r t ed  on  the  op t ica l  
p roper t i e s  of t he  yel low lens and  severa l  r e t ina l  special iza-  
t ions  in t h e  eyes of C. a lbat ross is .  
D u r i n g  t he  R.V, ' H a k u h o  Maru '  Cruise KH72-1,  t he  
a u t h o r  h a d  a n  o p p o r t u n i t y  to  observe  va r ious  l u m i n o u s  
deep-sea  fishes a n d  to exam i ne  t he i r  eyes. This  has  led 
t he  a u t h o r  to  specula te  on  t he  possible  r e l a t ionsh ip  be-  
t w e e n  t h e  special ized eyes a n d  b io luminescence  ~. The  
e x p e r i m e n t a l  f ish were f resh ly  c a u g h t  C h l o r o p h t h a l m u s  
a lba t ross i s  (figure 1A) and  C. n i g r o m a r g i n a t u s  f rom the  
K u m a n o  sea (off Owase, Mie prefec ture ,  J apan ) .  Ma- 
c rour id  f ish (Coelorhynchus  hubbs i )  were used as controls .  
The  spec imens  were o b s e r v e d  in a d a r k - r o o m  on b o a r d  
ship.  A smal l  l igh t  o rgan  was found  a r o u n d  the  anus  on  
t he  v e n t r a l  p a r t  of t he  b o d y  of t he  c h l o r o p h t h a l m i d .  
This  sma l l  spo t  l ike b io luminescence  was on ly  v is ib le  a f t e r  

a b o u t  15 rain  of d a r k  a d a p t a t i o n  on  t he  p a r t  of t he  
observer .  The  luminescence  was b lue-green  a n d  con-  
t i nuous  as t h a t  of m a c r o u r i d  fishes. 
S imple  t es t s  7, * for d i f f e r en t i a t i ng  the  n a t u r e  of lumines -  
cence ( luminous  bac t e r i a  or lucifer in  luciferase) were 
car r ied  ou t  on f ish k e p t  on  ice. The  re su l t s  f rom chloro-  
p h t h a l m i d  and  mac rou r id  f ish were the  same, as follows: 
a) L u m i n o u s  emuls ions  in sea w a t e r  were ob t a ined  b y  
homogen iz ing  t he  l ight  organ.  1. W i t h  t he  excep t ion  of t he  
uppe r  l ayer  exposed to  a i r  t h e  luminescence  b e c a m e  
qu iescen t  g radua l ly  w h e n  a l lowed to s t and .  W h e n  t he  
qu iescen t  emuls ion  was s h a k e n  in air, t h e  luminescence  
was comple t e ly  res tored  again.  This  emuls ion  r e t a ined  
t he  ab i l i t y  to  luminesce  for m a n y  hours .  2. On ra is ing  t h e  
t e m p e r a t u r e  to  a r o u n d  50 ~ (5 min) ,  t he  emuls ion  ceased 
to luminesce  and  t he  luminescence  could no t  be res to red  
even  w h e n  cooled aga in  to 20~ If  t h e  emuls ion  was  
cooled be low 5 ~ t he  luminescence  was comple te ly  ex- 
t i ngu i shed  b u t  i t  was  res to red  w h e n  t h e  emuls ion  was 
r e w a r m e d  to  room t e m p e r a t u r e .  3. W h e n  the  l uminous  
emuls ion  was cen t r i fuged  a t  300 •  for 15 min  a t  r o o m  


