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Summary. — S e v e n t e e n  nuc leos ide  d e r i v a t i v e s  (der ived  f r o m  
arab inosy lcytos ine,  resp. cyt id ine,  5-f luorouracil  a n d  uraci l )  w e r e  
tes ted  b y  agar-d i f fus ion  p l a q u e - i n h i b i t i o n  t e s t  f o r  t h e i r  a n t i v i r a l  
a c t i v i t y  w i t h  herpes  s implex,  vaccin ia,  f o w l  p l a g u e ,  N e w c a s t l e  
disease a n d  w e s t e r n  e q u i n e  e n c e p h a l o m y e l i t i s  v i ruses.  T h e  h i g h e s t  
a n t i v i r a l  a c t i v i t y  a g a i n s t  D N A  v i ruses  e x h i b i t e d  a r a b i n o s y l c y t o ­
sine, N 4-acylarabinosvlcytosines,  arabinosylthiouracil,  cyclocy-
tidine and i t s  5'-chloroderivative. R N A  viruses were inhibited b y  
5-fluorouridine only,  whereas other tested compounds  were 
ineffective or showing marginal act iv i ty  only.  B y  search for rela­
t ionship between chemical structure a n d  antiviral ac t iv i ty  a ten­
dency  w a s  found o f  higher antiviral ac t iv i ty  a t  lower lipophilicity. 
This is probably due to  bet ter  transport of the studied compounds 
into cell. The chemical structure, however, is the main reason of 
antiviral activity. 

Key words: nucleoside derivatives: antiviral activity; structure-acti­
vity -relationship 

Introduction 

I n  a recent review on  structure-activity relationships o f  nucleoside ana­
logues (Beránek,  1986), t h e  i n h i b i t i o n  o f  Ď N A  a n d  R N A  s y n t h e s i s  i n  L 1 2 1 0  
cells w a s  c o m p a r e d  w i t h  t h e  a c t i v i t y  i n h i b i t i n g  g r o w t h  o f  E. coli ( B á r t o v á  
et al., 1983) a n d  repl icat ion  o f  h e r p e s  s i m p l e x  v i r u s  t y p e  1 (HSV).  A t t e n t i o n  
w a s  p a i d  i n  par t icu lar  t o  t h e  d e r i v a t i v e s  o f  5-fluorouracil  a n d  o f  a r a b i n o s y l ­
cytosine (araC), used in cancer chemotherapy (Krakoff,  1984; Preisler  et al., 
1985). o-Fluorouridine w a s  found t h e  most  po ten t  selective inhibitor o f  R N A  
synthesis .  2'-Deoxy-5-fluorouridine, a s  t h e  only  one from 5-fluorouracil 
derivatives,  exhibi ted an  inhibitory effect  on D N A  synthesis  w i t h  a simul­
taneous  strong inhibition o f  R N A  synthesis  (Beránek a n d  A c t o n ,  1984; 
Beránek,  1986); i t  e x h i b i t e d  a n  i n h i b i t i o n  o f  H S V .  A r a C  e x h i b i t e d  s t r o n g  
i n h i b i t i o n  o f  D N A  s y n t h e s i s  w i t h  a cons iderable  s e l e c t i v i t y  (Beránek a n d  
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Acton,  1984; Beránek,  1986). Cyclocyt id ine  (cCyd) exerted  a v e r y  s trong  
inh ib i t ion  o f  R N A  synthes is  in add i t ion  t o  t h e  ef fect  o n  D N A  synthesis .  
T h u s  i t  s tands  v e r y  close t o  t h e  carcinostatic antibiotics,  as t h e  o n l y  one  o f  
t h e  s t u d i e d  series. T h e  N-acy lder ivat ives  o f  araO also inh ib i ted  b o t h  t h e  
JJNA a n d  R N A  synthesis.  I t  w a s  proposed  t h a t  t h e  change  o f  t h e  C4-amino-
g r o u p  t o  a n  i m i n o  g r o u p  (cCyd) or t h e  subst i tut ion  o f  t h e  a m i n o  g r o u p  
(e.g. N-acy lder ivat ives  o f  araC) resulted in a change  in t h e  action o f  t h e  
parental  araC (Beránek a n d  A c t o n ,  1984; Beránek, 1986). 

The comparative study (Beránek. 1986) of araC and its derivatives in the 
treatment of acute myeloblastic leukaemia and the above mentioned studies 
were completed b y  studying the rate of their deamination (Kára et al.. 1982), 
their transport and metabolic conversion in the everted rat je junum (Farghali 
et al., 1984; Novotný  et al., 1984). Morevover, the rate of phosphorylation of 
araC to arabinosyl 5'-triphosphate, the final active form of araC in vivo 
(Chu and Fischer, 1962; Furth and Cohen. 1968), its protection against 
dephosphorylation and deactivation have been followed (Novotný and 
Plunkett,  1987). This effort aimed to find out new derivatives of araC possess­
ing be t te r  therapeutic  index, lower ra te  of deamination t o  arabinosyluracil 
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(araU) (Ho a n d  Frei, 1971), w h i c h  is inact ive,  a n d  part icu lar  d e r i v a t i v e s  
s u i t a b l e  f o r  peroral  app l icat ion.  

T h e r e  w a s  a lso  clearly s h o w n  t h a t  t h e  d e r i v a t i v e s  o f  araC b e l o n g  t o  t h e  
m o s t  p o t e n t  a n t i v i r a l  ana logues  in  t h e  s t u d i e d  series (Beránek, 1986). In 
t h e  p r e s e n t  s t u d y  a v a r i e t y  o f  araC d e r i v a t i v e s  w a s  selected f o r  d e t e r m i n a t i o n  
o f  t h e  a n t i v i r a l  a c t i v i t y  u s i n g  a s p e c t r u m  of f i v e  v i ruses,  in order  t o  c o m p a r e  
t h e  d e r i v a t i v e s  i n h i b i t i n g  D N A  s y n t h e s i s  w i t h  those  i n h i b i t i n g  b o t h  D N A  
a n d  U N A  synthes i s .  S u b s e q u e n t l y ,  t h e  s t u d y  w a s  e x t e n t e d  t o  d e r i v a t i v e s  o f  
5-fluorouracil,  uracil,  a n d  c y t i d i n e  altered in base, s u g a r  o r  in  b o t h  moiet ies  
o f  t h e  molecule .  

Materials and Methods 

Compound» under investigation wore synthesized in our laboratories according to  t lie references 
indicated in Table  1. The  series of studied analogues included der ivat ives  of araC, 5-fluorouracil, 
uracil and the  analogue o'-chlorocytidine (Table 1). 

Virtues. Herpes simplex v i rus  (HSV), t y p e  1, strain Kupka  stock w a s  prepared in Vero cells 
and stored in al iquots  a t  — 70 °C. Vaccinia virus,  s t ra in  W R  stock was prepared  b y  infection of 
HoLa  coll monolayers  and  s tored in a l iquo ts  a t  —70  °C. Fowl p lague  v i rus  (FPV) ,  s t ra in  Dobson 
was inoculated into a l lantoic  sacs of 10-days-old chick embryos .  T w e n t y  e ight  hours  a f t e r  inocu­
lat ion t he  al lantoic  fluid was  harves ted  and  stored in a l iquots  a t  —70  °C. Newcastle  disease v i r u s  
(NI)V),  s t r a in  Her t fordshi re  s tock was  prepared  b y  infect ion of t h e  a l lantoic  fluid of chick em­
bryos,  harvested t w o  d a y s  a f t e r  inoculat ion a n d  s to red  in a l iquots  a t  — 18 °C. Western  equine  
encephalomyel i t is  ( W E E )  virus  s tock was prepared in chick e m b r y o  monolayer  cells a n d  s tored 
in a l iquo ts  a t  —70  °C. Vaccinia virus,  s t ra in  W R  was obta ined  f rom Dr.  N .  P .  Sa lzman ,  Nat iona l  
I n s t i t u t e  of Allergy a n d  Infect ious  Diseases, Bethesda ,  U.S.A. All o t h e r  viruses were ob ta ined  
f rom t h e  collection of t h e  Ins t i tu t e  of Virology, Brat is lava.  

Cellh. Expe r imen t s  wi th  HSV were pe r fo rmed  in mouse  e m b r y o  cells. P r i m a r y  cul tu­
res of mouse e m b r y o  cells were prepared f rom 18—20-days-old mouse embryos  (SPF strain 
rorn the  breed Dobrá Voda) b y  a standard trypsinization procedure. Experiments  with  

other viruses  were performed in chick embryo  cells. Primary cultures of chick embryo  cells were 
prepared from 11-days-old chick embryos.  Both cells were grown (usually t w o  days)  in mono­
layer  cu l tures  (in glass dishes of 100 m m  diameter)  in Eagle ' s  basal  medium containing 10% 
calf se rum.  

Plaque-inhibition test h a s  been described earlier  ( R a d a  a n d  Závada,  1962). Briefly, monolayers 
of mouse e m b r y o  cells (for HSV) or chick embryo  cells in 100 mm Petri dishes were infected with  
a v irus  dose producing semiconfluent plaques. A f t e r  adsorption of the  v i r u s  inoculum, the  mono­
layers were overlayed with E a r l e ' s  m e d i u m  conta in ing  0 . 5 %  agarose  (for HSV)  o r  1 %  a g a r  (for 
o t h e r  viruses). A f t e r  t h e  agarose (agar) over lay  had  solidified glass cylinders were placed in t h e  
cen t re  of t h e  over lay  and  solut ions of subs tances  (50 (JLI) were appl ied.  A concentra t ion gradient  
of t h e  subs tance  is formed b y  diffusion in a g a r  over lay .  T h e  appl ied concent ra t ion  is therefore  
approx ima te ly  t w o  logs higher t h a n  t h e  ac tua l  inhib i tory  concent ra t ion .  T h e  cul tures  were 
s ta ined  with  neut ra l  red a f t e r  U d a y s  cul t iva t ion .  Zones of p l aque  inhibit ion a n d  zones of toxic i ty  
(indicated b y  loss of neut ra l  red up take )  wore es t imated .  T h e  d iameter  of t h e  inhibi tory zone 
is a s emiquan t i t a t i ve  measure  of t h e  eff icacy of s tudied compound .  

Determination of the apparent partition coefficient P. T h e  a m o u n t  of 20 m g  of t h e  compound  
was  dissolved in 10 ml of t h e  aqueous  o r  in 10 ml of octanol  phase .  W h e n  t h e  compound w a s  
dissolved in one  phase ,  a n  equa l  vo lume  of t h e  o t h e r  phase was  a d d e d .  T h e  mix tu re  was  shaken 
fo r  30 min  in s toppered flask at room t e m p e r a t u r e .  T h e  separa t ion  w a s  achieved b y  centr i fugat ion 
at 3500 rev/min fo r  10 min .  T h e  concent rat ion of t h e  compound  was  measured bo th  in t he  a q u e o u s  
and  t h e  octanol  phase b y  II PLC a s  described previously (Farghal i  et al.. 1984). P was  calculated 
f rom t he  fo rmula :  

c 0  
P 

f a  

where c 0  is t he  concent  rat ion of t he  tes t  compound  in t he octanol p h a s e  and  c a  is i t s  concentra t ion 
in t h e  aqueous  phase .  E a c h  de te rmina t ion  was  repea ted  a t  least twice.  
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Results and Discussion 

The most active compound against HSV and vaccinia virus of the series 
of arabinosylcytosine derivatives was  araC itself. AraC did not inhibit RNA 
viruses (FPV, NDV, WEE).  Activity of cyclocytidine against HSV and vac­
cinia virus was found similar t o  t h a t  of araC. Even  when cCyd belongs t o  t he  
group of substances inhibiting both  R N A  and  D N A  synthesis, in our  exper­
iments  t h e  replication of R N A  viruses was not  inhibited. 

Several derivatives were synthesized t o  elucidate the role of  aminogroup 
in the  position 4 of araC. Substitution b y  sulphur at this position (i.e. arabino-
syl-4-thiouracil) resulted in increase of  toxic i ty  for mouse embryo cells (diame­
ter of  the  toxic  zone = 38 m m )  and  in  loss of  inhibitory act iv i ty  against H S V .  
On the other hand, a marked inhibition b y  araSU wa s  observed against 
vaccinia virus; however, araU itself was  not  effective against vaccinia virus. 
Change of  aminogroup in araC for oxygen  resulting in araU led t o  marked 
decrease of  antiviral act iv i ty  against H S V  and complete loss of  act iv i ty  
against vaccinia virus. The same results were found previously b y  Kuli-
kowski  et al. (1979). Suitable substitution a t  the 5 position yielding 5-ethyl-
araU and araT exerted antiherpetic effect (Ivulikowski et al., 1979). This 
effect was increased in  (E)-5-(bromovinyl)- arabinosyluracil and o-vinyl-
arabinosyluracil (Reefschläger  et al., 1984) or 2'-fluoro-5-methvl-arabino-
syluraci l  ( W a t a n a b e  et al., 1979; Su  et al., 1986). I n  prev ious  exper iments  
Reefschläger  et al. (1983) h a v e  s h o w n  t h a t  5-fluoro-araU exerted moderate  
increase o f  HSV inh ib i t ion  in comparison w i t h  parenta l  araU;  i n  our  exper ­
iments further substitution of  5'-hydroxyl group b y  chlorine in o-fluoro-araU 
resulted in complete loss of antiviral effect. The same change of  aminogroup 
for oxygen  in cCyd resulting in cUrd led t o  the  loss of act iv i ty  against HSV 
and a marginal effect was  retained against vaccinia virus (Table 2). 

I n  order t o  prevent  deamination of  a raC,  a group of araC derivatives was  
synthesized, in  which hydrogen of  the  aminogroup in the  4 position wa s  subs­
t ituted b y  acetyl-,  acetylglycyl-,  acetylaminokaproyl-,  and carboxymethyl- .  
These derivatives exerted against vaccinia virus an antiviral effect similar t o  
parental araC and against H S V  a lowered one. Carboxymethyl-araC exerted 
the lowest efficacy against both viruses. The lowered action of  this  group of  
derivatives can be  caused b y  delayed formation of  the  active form  — araC 
b y  hydro lys i s  o f  t h e  respect ive  acy lder ivat ive .  

T o  s t u d y  t h e  role o f  5 ' -hydroxy l  g r o u p  in ant i v i ra l  act iv i ty ,  three  pairs  
o f  o '-chloroderivatives were  compared.  Generally, t h i s  subs t i tu t ion  resu l ted  
in a part ia l  or  total  loss o f  ant iv i ra l  ac t i v i ty .  I n  t h e  pa i r  — cCyd  a n d  5'-Cl-
cCyd n o  or marg ina l  decrease o f  a c t i v i t y  w a s  o b s e r v e d  w i t h  vacc in ia  v i r u s  
and  a b o u t  20 p e r  cent decrease w i t h  HSV.  I t  is k n o w n  t h a t  act i ve  f o r m  o f  
cCyd is araC a n d  s imi lar ly  5'-Cl-cCyd is  converted  t o  5'-Cl-araC. 

More expressed decrease o f  ant i v i ra l  a c t i v i t y  w a s  o b s e r v e d  i n  t h e  pa i r  — 
araC a n d  5'-Cl-araC (40 — 5 0 % )  w i t h  b o t h  D N A  viruses.  T h i s  e f fect  m a y  b e  
expla ined b y  t h e  f a c t  t h a t  t h e  p h o s p h a t e s  o f  araC a p p e a r  i n  case o f  
this  ch loroder ivat ive  (Beránek, 1986; F a n g  et al., 1987). The i r  i n h i b i t o r y  
effect could  b e  related t o  t h e  inh ib i t ion  o f  v i r a l  D N A  polymerase.  O u t  o f  
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Tahle 3. (nhihitor>' activity of nucleoside analogues against f o w l  plague, 
Newcastle disease and  western equine encephalomyelitis viruses 

Compound Zone of toxicity 
(mm) 

Zone of inhibition (mm) 

F P V  NDV W E E  

ô'-Cl-araC 
5'-Cl-Cyd 
AraU 0 - 9  

0 - 9  

0 - 1 0  

0 - 8  

0 
0 
0 

56 
0 
0 
0 

0 
0 

14 
72 

0 
0 

12 

17"+ 
|4»< 
0 

2 1  + 
15+ 
1 8 "  

0 

F U r d  
o ' -Cl-FUrd 
5'-Cl-cCyd 
cUrd  

0 - 9  
0 
0 - 1 0  

1 a t  a concentrat ion of 200 mg/ml  (all o the r  compounds  tes ted  a t  concentra t ion of 100 mg/ml)  
+ small p laques  a r e  present  
Othe r  der ivat ives  n o t  given in Table  3 were wi thou t  a n y  inhibi tory ac t iv i ty  aga ins t  R N A  viruses.  

derivat ives  prepared b y  us, 5'-Cl-cCyd belonged t o  t h e  m o s t  act ive.  Com­
paring t h e  inhibitory ac t iv i ty  o f  these  5'-chloroderivatives i t  i s  worthwhile  
t o  underline t h a t  t h e  5'-Cl-cCyd is more act ive  t h a n  5'-Cl-araC. This  could 
be  conditioned b y  t h e  ac t iv i ty  o f  t h e  nonconverted compound itself. B o t h ,  
5'-Cl-araC and 5'-Cl-cCyd can b e  converted under mild alkaline conditions 
t o  2', 5'-anhydro-araC. However ,  since this  2', 5'-anhydroderivative expressed 
substantial ly  lower ac t iv i ty  against  vaccinia virus a n d  n o  ac t iv i ty  against  
H S V ,  possibil ity o f  this  conversion should be  excluded i n  our experimental  
conditions.  The  stabi l i ty  o f  th i s  bond  preventing t h e  phosphorylat ion a t  
5'-position w a s  determined ( H ř e b a b e c k ý  et al., 1982). A n o t h e r  a n h v d r o d e -
r i v a t i v e  — cCyd,  i n  w h i c h  e t h e r  b i n d i n g  b e t w e e n  2 ' - h y d r o x y l  a n d  o x y g e n  
i n  t h e  2 pos i t ion  o f  araC w a s  f o r m e d ,  r e t a i n e d  t h e  s a m e  a c t i v i t y  aga ins t  b o t h  
D N A  v i r u s e s  a s  araC. ^ 

T h e  b r o a d - s p e c t r u m  a n t i v i r a l  e f f e c t  o f  5-f luorourid ine  a g a i n s t  R N A  a n d  
also D N A  v i r u s e s  w a s  c o m p l e t e l y  lost  i n  i t s  5'-chloro-congener d u e  t o  t h e  
s t a b i l i t y  o f  nuc leos ide  b o n d ,  i.e. b e t w e e n  t h e  s u g a r  m o i e t y  a n d  b a s e  i n  
contrary  t o  t h a t  i n  5 - F U r d  ( B á r t o v á  et al., 1983). I t  is  t o  b e  m e n t i o n e d  t h a t  
t h e  5 '-chloroder ivat ives  (5'-Cl-araC, 5'-Cl-cCyd, 5'-Cl-5-FUrd, a n d  5'-Cl-Cyd) 
expressed  s o m e  a c t i v i t y  aga ins t  W E E  v i r u s  (Table  3). 

R e m a r k a b l e  is  t h e  i n h i b i t o r y  a c t i v i t y  o f  5 - F U r d  a g a i n s t  t h e  w h o l e  s p e c t r u m  
o f  v i r u s e s  tested.  I n  contras t  t o  p r e l i m i n a r y  results  (Beránek,  1986), t h e  i n ­
hibitory effect  o f  5-fluoro-2'-deoxyuridine w a s  somewhat  lower against  
H S V .  The  F P V ,  N D V ,  a n d  W E E  viruses were n o t  inhibited i n  comparison 
t o  5-FUrd.  Thus  i t  seems t h a t  t h e  2'-hydroxyl  i s  responsible for t h e  
ac t iv i ty  against  R N A  viruses. 

The  relation between antiviral act iv i ty  and t h e  lipophilicity has  shown 
a linear course in t h e  series o f  three araC derivatives  (5'-Cl-araC, 5'-Cl-cCyd, 
cCyd) w i t h  t h e  regression coefficient r = 0.997. I f  all derivat ives  studied 
(with determined log P )  have  been  included (altogether 12), t h e  regression 



D R A G Ú N ,  M .  et al. 

coef f ic ient  w a s  r e d u c e d  t o  r = 0.638. It s e e m s  t h a t  t h i s  finding s u p p o r t s  
t h e  t e n d e n c y  t h e  l o w e r  l i poph i l i c i ty  t h e  h i g h e r  a n t i v i r a l  a c t i v i t y .  B u t  t h e  
c h a n g e  in a n t i v i r a l  a c t i v i t y  c a n n o t  b e  m e r e l y  e x p l a i n e d  b y  t h e  alterat ion i n  
l ipophi l ic i ty .  A m i n u t e  c h a n g e  i n  l ipophi l ic i ty  f o r  N-acetyl-araC a n d  2'. 
/j '-anhydro-araC (log P —- — I.35 a n d  —1.64, respect ive ly )  w a s  a c c o m p a n i e d  
b y  t h e  d r o p  o f  t h e  s ize o f  i n h i b i t o r y  z o n e  w i t h  HSV f r o m  63 m m  t o  zero  a n d  
w i t h  v a c c i n i a  v i r u s  f r o m  84 m m  t o  32 m m .  

The studied series of compounds was small to predict the antiviral activity 
from chemical structure. Nevertheless, the decrease of lipophilicity leads to 
the increased transport of the compound into the cell and consequently, to 
the increase of antiviral activity. The molecules of nucleosides possess many 
modification possibilities and for further experiments a series of compounds 
should be structurally more closely related and more numerous. Many of 
DNA viruses and retroviruses as well are sensitive to arabinosylnucleosides, 
while the majority of RNA viruses is not inhibited. The sensitivity of reverse 
transcriptase of retroviruses to araC seems to be a good supposition that some 
of our derivatives studied would be able to exert similar effect and that it 
would he reasonable to test the sensitivity of human immunodeficiency virus 
to these derivatives. 
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