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Summary.  - The pharmacologic of induction of low level of deoxyribonucleoside triphosphates (dNTP) 
is a novel approach to combined inhibition of virus replication. In accordance with this concept the alteration 
of antiherpes activity of E-5-(2-bromovinyl-2'-deoxyuridine (BVDU) in combination with methotrexate (MTX), 
an inhibitor which lowers the intracellular pool of thymidine triphosphate (dTTP) was studied. MTX applied 
alone at non-toxic concentrations had a moderate effect on herpes simplex virus type 1 (HS V-1) replication in 
human embryonic skin-muscle fibroblasts. The combination of BVDU and MTX acts synergistically, as meas­
ured by virus yield assay in the above mentioned system. The potentiating effect of MTX on the anti-HSV-1 
activity of BVDU was reversed by thymidine (dThd). 
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I t  h a s  b e e n  demonstra ted recently tha t  the  reduction o f  

d N T P  pools  s ize  in  virus- infected cells could  result  in  an  

increased antiviral effect iveness o f  s o m e  selective antiviral 

nucleoside analogues (Spectoreŕa/.,  1985; Babaetal . ,  1987; 
Balzarini etal., 1989, 1990; Machida  etal., 1991). In our 
recent studies it w a s  shown that ribavirin, which causes de­

p l e t i o n  o f  t h e  i n t r a c e l u l l a r  g u a n i n e  n u c l e o t i d e s  p o o l ,  

potentiates t h e  ant iherpes  activity o f  acyclovir (Pancheva, 

1991). I n  th is  pape r  investigating the  ant iherpes activity o f  

B V D U  combined  wi th  M T X ,  a n  addit ional conf i rmat ion  

o f  this  concept  is  presented.  B V D U  exhibits ve ry  strong 

a n d  selective antiviral activity against  HSV-1 ( D e  Clercq  et 

al., 1976). B V D U  triphosphate acts as  a competit ive inhibi­

tor  wi th  respect  t o  t he  natural substrate d T T P  fo r  initial bind­

ing  o f  viral  D N A  polymerase  (Allauden  et al., 1981). M T X  

blocks the  de novo d T h d  synthesis through inhibition o f  

dihydrofolate  reductase  (DHFR) ,  a n d  consequently lowers 

t he  intracellular pools  o f  d T T P  (Friedland, 1974). T h e  de­

crease o f  t h e  cellular  pools  o f  d T T P  could  give a better op-

Abbreviations:  B V D U  = E-5-(2-bromovinyl)-2'-deoxy-
uridine; DHFR = dihydrofolate reductase; dNTP = deoxyribo­
nucleoside triphosphate; dThd = thymidine; dTTP = thymidine 
triphosphate; HESMF = human embryonic skin-muscle fibroblast; 
HSV-1 = herpes simplex virus type 1; MTX = methotrexate 

portunity t o  its compet i tor  t o  interact  w i th  the  target  e n ­

z y m e  HSV-1 D N A  polymerase .  I t  w a s  demons t r a t ed  t ha t  

M T X  significantly enhanced the  antiviral activity o f  B V D U  

against  H S  V-1 i n  cell  cu l ture  o f  h u m a n  e m b r y o n i c  skin-

musc l e  f ibroblas ts .  T h e  increased inhibi t ion o f H S V - 1  r ep ­

lication b y  the  two  combined  substances w a s  reversed w h e n  

t h e  infec t ion  w a s  car r ied  ou t  i n  excess  o f  d T h d .  I n  th is  

case  d T T P  cou ld  b e  cons idered  as  a " k e y  me tabo l i t e "  r e ­

sponsible  f o r  t he  h i g h e r  effect ivi ty  o f  t h e  combina t ion  o f  

drugs .  

BVDU was gifted by courtesy of Dr. Reefschlager (Bayer A.G., 
Pharmaceutical Research Center, Germany), MTX (amethopterin) 
originated from Werfft-Chemie. HSV-1 strain DA was received 
from Dr. S. Dundarov, Institute of Infectious and Parasitic Dis­
eases, Bulgarian Medical Academy, Sofia. The virus was culti­
vated in cultures of diploid human embryonic skin-muscle 
fibroblast (HESMF) cells. The activity of the combination of 
BVDU and MTX was evaluated against HSV-1 in HESMF cells 
using the yield reduction method. Investigations were carried on 
confluent cell monolayers in tubes infected with 100 CCIDS0 in 
0.1 ml. The drugs alone and in combination were added after 1 hr 
of virus adsorption and cells were then incubated for 48 hrs at 
37 "C. Virus titers of the samples (pools from 4 test tubes) were 
determined by titration in microplates cultures, and expressed in 
CCID5O/0.1 ml. Cytotoxicity was monitored by the trypan blue 
dye exclusion method. 
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We had previously established that M T X  w a s  toxic f o r  
HESMF cells at concentration o f  0.5 pmol/1. No cytotoxicity 
o f  combination o f  M T X  and B V D U  in the concentrations 
used in the antiviral assays  w a s  observed.  

A s  it is demonstrated inTable 1 M T X  showed a moderate 
antiviral activity against HSV-1 in HESMF cells at non-toxic 
concentrations, e.g.  a 66-fold reduction o f  virus yield at 
0.1 |imol/l. 

Table 1. Ef fec t  of BVDU in combination with MTX on reduction of 
yield of HSV-1 in HESMF cells 

The combination o f  M T X  with B V D U  enhanced enor­

mously  their  anti-HSV-1 activity. 0.15 p m o l / l ( 0 . 0 5  ng /ml)  

B V D U  and 0.1 ^mol / l  (0.05 ng /ml )  M T X ,  which  a lone  re­

d u c e d  t h e  v i ruses  y i e ld  4 5  a n d  6 6  t i m e s ,  respect ively,  

suppresed  in  combina t ion  t h e  v i rus  replicat ion 450 ,000  

times, indicating a high degree o f  synergism. B y  using a non­

effective dose o f  M T X ,  0.0125 (imol/1 (0.0062 ng/ml),  the  

v i rus  y ie ld  w a s  r e d u c e d  m o r e  t h a n  6 0 0 0  t imes .  F ig .  1 

presents t he  reversal o f  t he  combined  inhibitory ef fec t  b y  

dThd, administered together wi th  the  drugs.  A 9 7 %  recov­

ery  o f  t he  vi rus  yield 4 8  h r s  p.i. w a s  observed  in t he  pres­

ence  o f  2 jimol/1 dThd  (20-fold h igher  concentrat ion than 

that o f  M T X ) .  A s  dThd  is converted within the  cells t o  dTTP,  t 

our  data  suggest  that  it is t he  reduct ion in  d T T P  level which  

accounts f o r  t he  potentiat ing ef fec t  o f  M T X  o n  the  antiviral 

activity o f  B V D U .  It  is well known that  M T X  is widely used  

in cancer  chemotherapy as  a cytostatic agent .  T h e  viral in­

fections associated wi th  administrat ion o f  cytotoxic d rugs  

are  primarily d u e  t o  herpesviruses .  I n  th is  context  ou r  re­

sults could b e  important  a n d  inspirating fo r  specialists w h o  

are  interested in t he  therapy o f  associated herpesvirus  in­

fections. 

T h e  data  shown in this paper  c o n f i r m  t h e  validity o f  the  

above ment ioned concept  as  an  approach t o  t he  combined  

chemotherapy o f  viral infect ions o f  m a n  a n d  m a y  ga in  also 

clinical mer i ts  in, suppress ing exogenous  o r  endogenous  5 

D N A  virus infections in patients treated b y  cytostatic therapy. 
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B V D U  M T X  Virus yield N 0 
(nmol/l)  (nmol/1) (CCID !o/0.1 ml x 10^) 

2 1 0  

0 ,15  4 ,7  4 5  

0,1 3,2 6 6  

0 ,05  4 ,7  4 5  

0 ,025 17,0 12 

0 ,0125 100,0 2,1 

0 ,15  0,1 0 ,00047 4,5 x 10' 151 

0 ,15  0 ,05  0,001 2,1 x 10s 104 

0 ,15  0 ,025 0,0047 4,5 x 10* 83 

0 ,15  0 ,0125 0,032 6,6  x 10' 7 0  

N - Virus yield reduction; ratio o f  virus yield in control to  that in drug-

treated cells. 

N a X N B  

N A 4 B =  N fo r  the combination o f  drugs A and B; N A =  N fo r  the drug 

A alone; N 0  = N fo r  the  drug B alone. 

If Q is higher, equal o r  lower than 1, the interaction is synergistic, additive 

o r  antagonistic, respectively (Smith et at., 1982). T h e  values represent 

the means o f  three independent determinations. 
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Fig. 1 
Reversal  of t h e  combined  Inhibi tory  ef fec t  of BVDU a n d  M T X  o n  

HSV-1 replicat ion by d T h d  

Concentrations: 2 nmol/l dThd, 0,075 pml/1 BVDU, 0.1 j.imol/1 MTX.  
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