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Summary. - A single dose of coumarin derivatives, warfarin, 4-hydro-
xycoumarin and  umbelliferone, added at t he  t ime of inoculation 
either by f ree  virus or  by contact with U 1  monocytes  exhibited 
a dose-dependent inhibitory effect o n  viral replication in target 
MOLT-4 lymphocytes observable even at 5 days post infection. In  
addition, marked decrease of  HIV-1 gagp24 release and reduction in 
reverse transcriptase activity was observed w h e n  chronically HIV-
infected ACH-2 lymphocytes were treated with coumarins (ED500/o 

range 10~6 -10"9  mol/1). However,  the  intracellular composition of  
HIV-1 core proteins in drug-exposed cells was n o t  modified. Results 
suggest that although n o  complete inhibition of viral production has 
been  observed  in vitro this class of  drugs may present potential 
interest as antiviral agents. 
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Introduction 

Coumarin and  c o m m o n  simple derivatives are found  in a variety of plants 
(e. g., coriander, sweet clover, lavender) and  d u e  t o  pleasant flavor properties 
have been  used widely in t he  food  and  cosmetic industries (Soine, 1964; Opdyke, 
1974). Hydroxycoumarins are considered potent  immunomodula tors  and  have 
been successfully used in therapy of malignant metastases (Thornes  et al., 1982). 
Coumarins, mechanism-based serine protease inhibitors (Mor  et al., 1990), are 
major  clinical anticoagulants acting as blockers of  proteolytic conversion of 
prothrombin into thrombin through a vitamin K-dependent mechanism (Soine, 
1964; Fasco, 1982). Another  effect of coumarins is displayed by their effect o n  
cysteine metabolism resulting in depletion of  intracellular glutathione (GSH) -
a naturally occurring tripeptide - which regulates cellular activities such as 
sulfhydryl-dependent enzyme reactions, protection f r o m  oxidation, initiation of 
D N A  synthesis (Lake  et al., 1989) as well as H I V  replication in vitro (Staal et al 
1990). In  preliminary investigation we have demonstrated that nontoxic, phar­
macological doses of the  synthetic coumarin,  warfarin, manifest  anti-HIV 
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activity (Bourinbaiar et al., 1993). In this study w e  evaluated further the effect of  
diverse coumarin derivatives on HIV infectivity and replication. 

Materials and Methods 

Drugs. W a r f a r i n  (3-[alpha-acetonylbenzyl]-4-hydroxycoumarin), cyclocumarol  (4-hydroxycouma-
rin) a n d  u m b e l l i f e r o n e  (7-hydroxycoumarin) w e r e  purchased  f r o m  S i g m a  Chemical  Co., S t  Louis ,  
M O .  

Infection assay in virus-cell system. Fresh  viral inoculum f r o m  supernatant  o f  A C H 2  lymphocyte  
cul ture  ( subc lone  o f  C E M  T cell line, courtesy  o f  A I D S  Research a n d  R e f e r e n c e  R e a g e n t  Program, 
NIA1D, Rockville,  M D )  (Folks  et al., 1989), containing 10 6  viral particles/ml (quantitated o n  t h e  b a s i s  
o f  p24 concentration according t o  Bourinbaiar  (1991); Bourinbaiar  et al. (1991); Bourinbaiar  (1992)) 
w a s  incubated wi th  uninfected  MOLT-4 lymphocytes  ( 1 0 6  cel ls/ml,  prov ided  b y  Dr.  J. Minowada,  
Fujisaki  Cell  Center,  Okayama,  Japan)  (Minowada  et al., 1972) f o r  1 h r  a t  3 7  ° C  i n  t h e  p r e s e n c e  o f  
t e n f o l d  d i l u t i ons  o f  c o u m a r i n s  r ang ing  f r o m  10"10 t o  10-" mol /1 .  T a r g e t  cel ls  w e r e  w a s h e d  t h r e e  t i m e s  
a n d  w e r e  c u l t u r e d  f u r t h e r  in  c o u m a r i n - f r e e  m e d i u m  f o r  5 d a y s  un t i l  t e s t e d  f o r  v i rus  p r o d u c t i o n .  A l l  
c u l t u r e s  w e r e  m a i n t a i n e d  in R P M I  1640 m e d i u m  w i t h  10 % foe t a l  calf  s e r u m  (Whi t t ake r ,  Walkervi l le ,  
M D )  i n  h u m i d i f i e d  5 % C 0 2  i n c u b a t o r  a t  3 7  ° C .  

Infection assay in cell-cell system. H I V - 1  carrying u n s t i m u l a t e d  U 1  m o n o c y t e s  ( s u b c l o n e  o f  U 9 3 7  
cells  w a s  p r o v i d e d  b y  A I D S  Resea rch  a n d  R e f e r e n c e  R e a g e n t  P r o g r a m ,  N I A I D ,  Rockvil le ,  M D )  
( F o l k s  et al., 1987) w e r e  i n c u b a t e d  a t  a r a t io  o f  1:10 w i t h  u n i n f e c t e d  M O L T - 4  l y m p h o c y t e s  (10 6  ce l l s /  
m l )  f o r  5 d a y s  in  t h e  c o n t i n u o u s  p r e s e n c e  o f  d i l u t i ons  o f  c o u m a r i n s  a d d e d  a t  d a y  1 a n d  t h e  r e su l t ing  
c u l t u r e  m e d i u m  w a s  t e s t ed  f o r  viral p r o d u c t i o n  e i t h e r  b y  m e a s u r i n g  H I V - 1  c o r e  p r o t e i n  p 2 4  b y  
E L I S A  o r  b y  reve r se  t ranscr ip tase  ( R T )  assay.  

p24 antigen capture assay. P roduc t i ve  in fec t ion  w a s  eva lua ted  b y  c o m m e r c i a l  E L I S A  ki t  f o r  viral 
c o r e  gag 24 K p ro t e in  accord ing  t o  m a n u f a c t u r e r ' s  i n s t ruc t ions  ( C o u l t e r ,  H ia l eah ,  F L )  a s  fo l lows.  
De te rgen t - lysed  s a m p l e s  o f  m e d i u m  o f  c u l t u r e s  t h a t  w e r e  i n c u b a t e d  i n  we l l s  (96-well f o r m a t )  
p r e c o a t e d  w i t h  ant i -p24 a n t i b o d y  w e r e  s c r e e n e d  f o r  gag a n t i g e n  b y  a d d i n g  b io t in- labe l led  ant i -p24 
a n t i b o d y  fo l l owed  b y  s t rep tav id ine-perox idase  con juga t e .  T h e  a m o u n t  o f  c a p t u r e d  p24  w a s  m e a s u r e d  
b y  c o m p a r i n g  t h e  a b s o r b a n c y  a t  470 n m  o f  T M B  s u b s t r a t e  w i t h  supp l i ed  s t a n d a r d s  c o n t a i n i n g  k n o w n  
a m o u n t s  o f  p24. T h e  l o w e r  l imit  o f  re l iable  sensi t ivi ty  o f  t h i s  kit  is  7.8 p g / m l .  

RT assay. HIV-assoc ia t ed  R T  activity w a s  m e a s u r e d  a s  de sc r ibed  p rev ious ly  (Bour inba i a r  a n d  
N a g o r n y ,  1992) w i t h  m o d i f i c a t i o n s  a s  fo l lows:  10/^1 o f  c u l t u r e  s u p e r n a t a n t  w a s  m i x e d  w i t h  5 0  / i l  o f  a n  
R T  reac t ion  m i x t u r e  ( P h a r m a c i a  LKB,  G a i t h e r s b u r g ,  M D )  c o n t a i n i n g  [ 3 2 P ] d T T P  ( A m e r s h a m ,  
A r l i n g t o n  H e i g h t s ,  IL) .  A f t e r  9 0  m i n  a t  3 7  ° C ,  10 o f  t h e  r eac t i on  m i x t u r e  w a s  s p o t t e d  o n t o  D E . 8 1  
i o n - e x c h a n g e  p a p e r  ( W h a t m a n ,  Hi l l sboro ,  O R ) ,  w a s h e d  f o u r  t i m e s  i n  2 x  S S C ,  a n d  t h e n  twice  i n  9 5  % 
e t h a n o l  t o  r e m o v e  u n i n c o r p o r a t e d  [ 3 2 P ] d T T P .  D r i e d  f i l ters  w e r e  c o u n t e d  in  a scint i l la t ion c o u n t e r .  
T h e  b a c k g r o u n d  c o u n t s  o f  t h e  reac t ion  m i x t u r e  w i t h  c u l t u r e  m e d i u m  w h i c h  d o e s  n o t  c o n t a i n  H I V - 1  
se rved  a s  nega t ive  va lues .  

Proliferation assay. T a r g e t  A C H - 2  cells w e r e  g r o w n  f o r  5 d a y s  i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  
d i l u t i ons  o f  c o u m a r i n s .  E i g h t  h o u r s  b e f o r e  assay,  cells  w e r e  p laced  i n  a l euc ine -def ic ien t  m e d i u m  
s u p p l e m e n t e d  w i t h  5 0  / / C i / m l  o f  [ 3 H]- l euc ine  ( A m e r s h a m ,  A r l i n g t o n  H e i g h t s ,  IL)  a n d  i n c o r p o r a t i o n  
o f  t h e  label led p r e c u r s o r  w a s  d e t e r m i n e d  b y  scint i l la t ion spec t roscopy .  

Western blot analysis. D r u g - e x p o s e d  a n d  c o n t r o l  A C H - 2  cells w e r e  lysed a n d  p r o t e i n  ex t rac t s  w e r e  
s epa ra t ed  b y  S D S - P A G E  in  8 % gel  g rad ien t ,  t r ans fe r r ed  t o  n i t roce l lu lose  m e m b r a n e s ,  a n d  i n c u b a t e d  
wi th  m o u s e  ant i -gag b io t in- label led  a n t i b o d y  (1:1000) (Cou l t e r ) .  I m m u n o r e a c t i v e  p r o t e i n s  w e r e  
v isual ized  b y  E C L  W e s t e r n  b lo t  d e t e c t i o n  s y s t e m  ( A m e r s h a m ,  A r l i n g t o n  He igh t s ,  IL) .  

Results 

T o  determine whether  coumarin derivatives warfarin, cyclocumarol and  
umbelliferone (Fig. 1) present during brief period of  virus inoculation (1 hr) may  
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Fig. 1 
Structure o f  coumar ins  tes ted  f o r  their  e f f e c t  o n  H I V  transmiss ion and  replication 

(a) warfar in  (3-[alpha-acetonylbenzyl]-4-hydroxycoumarin), (b) 4-hydroxycoumarin,  (c) umbel l i fe-
r o n e  (7-hydroxycoumarin).  

4 0 0 0  

3 0 0 0  

2000 

U m b e l l l f e r o n  4 - H y d r o x y c o u m a r l n  W a r f a r i n  

Fig. 2 
Direct e f f e c t  o f  coumar ins  o n  H I V  infectivity 

A b s c i s s a :  concentration o f  coumar ins  (mol/1), control(s);  ordinate:  p 2 4  concentration (pg/mi). 
A v e r a g e s  and  ranges  o f  resul t s  o f  three  i n d e p e n d e n t  e x p e r i m e n t s  a r e  s h o w n .  
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affect HIV infectivity w e  evaluated their effect in an infectivity assay using free 
virus (Fig. 2). In separate experiments w e  examined the effect of  coumarins 
present continuously for 5 days on the transmission of HIV via cell-cell contact 
by coincubating HIV-1 infected U1 monocytes with target MOLT-4 lympho­
cytes (Fig. 3). T h e  results seem to  indicate that even low doses of  these drugs can 
protect f rom both cell-free and cell-mediated HIV infection. 

W e  then  tested the  effect of  coumarins o n  viral production f r o m  chronically 
infected cells. HIV-infected ACH-2 lymphocytes were grown in a 96-well 
Multiscreen filtration plate with a gravity-permeable membrane  at t he  bot tom 
(Millipore, Bedford, MA) in the  presence of various concentrations of couma­
rins for 48 hr. Thereupon the  culture supernatants were collected into a 96-well 
ELISA plate by centrifugation and were tested for p24 protein or  R T  activity. 
T h e  inhibitory dose-effect of coumarins is illustrated in Figs. 4 and 5. All three 
compounds  demonstrated a similar antiviral effect. T h e  dose-effect was observa­
ble starting f rom 10"10 mol/1. According to  t he  values f r o m  virus measurement  

3 0 0 0  

2 0 0 0  

1 0 0 0  

—T-:-—i 4 - h y d r o x y c o u m a r l n  
[SA\ 

W a r f a r i n  

Fi K .  3 
Efľect o f  coumar ins  o n  cell-to-cell t ransmiss ion o f  H I V  

F o r  legend s e e  Fig. 2.  
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assays there is  a 50 % reduction ( E D S 0  0/o) in R T  activity a n d  p24 release resulting 
f r o m  exposure  to coumarins at doses  10"9  and 10-6 mol/1, respectively. Discre­
pancy b e t w e e n  t w o  assays can  b e  expla ined b y  t h e  excessive defect ive particle 
p roduc t ion  ref lected in  t h e  prevalence  o f  p24 over  repl ica t ion-competent  vir ions 
wi th  active viral R T  (Bour inbaiar  et al., 1991). 

T o  d e t e r m i n e  w h e t h e r  t h e  obse rved  inhibi t ion o f  v i rus  p roduc t ion  w a s  n o t  
related t o  g rowth  suppress ion  o f  u s e d  cells w e  evaluated  t h e  effect  o f  c o u m a r i n s  
o n  incorpora t ion  o f  [ 3 H]- leuc ine  (Fig. 6). Resu l t s  indicate  t h a t  observed  reduc­
t ion  i n  R T  activity a n d  inhib i t ion  o f  p24 p roduc t ion  f r o m  HIV- infec ted  l y m p h o ­
cytes is n o t  correlated t o  cell g rowth  pa t t e rn  except  f o r  t h e  h ighes t  concen t ra t ion  
of  umbel l i fe rone .  Cel l  viability o f  drug- t rea ted  popula t ion  a s  d e t e r m i n e d  b y  
t rypan b l u e  exclusion did  n o t  d i f fe r  f r o m  t h e  cont ro l  cells (95 % - 97 % ve r sus  
93 % - 97 %, respectively). I t  is, the re fore ,  likely tha t  c o u m a r i n s  h a v e  a specific 
antiviral ef fect  w h i c h  is un re l a t ed  t o  t h e  suppress ion  o f  cell prol iferat ion.  
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9 0 0  
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3 0 0  

C 1 0 "  1 0 ' '  1 0 ' 9  10"7 1 0 ' 6  1 0 ' 5  10 ' 4  

U m b e l l l f e r o n  4 - H y d r o x y c o u m « r i n  

Fig. 4 
E f f e c t  o f  c o u m a r i n s  o n  H I V  p r o d u c t i o n  f r o m  A C H - 2  l y m p h o c y t e s  assayed  b y  p 2 4  re l ease  

F o r  l e g e n d  s e e  F ig .  2 .  
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Western blot analysis o f  retroviral core proteins f r o m  lysed drug-exposed 
ACH-2 cells did not demonstrate a detectable difference f rom  the untreated 
control cells (Fig. 7). T h e  bands corresponding to HIV gag  proteins in treated 
cells appear to b e  o f  similar density and size as  in control untreated cells. 

Discussion 

W e  report here the inhibitory effect  o f  coumarin derivatives on cell-mediated 
and cell-free viral spread  in vitro as well as suppression of  viral production f rom 
chronically infected cells with doses that could b e  easily achieved in vivo. Al l  
three agents, except for  plant-extracted crude umbelliferone with a low degree o f  
purity, displayed negligible cytotoxicity acceptable even at the highest tested 
concentration of  KM mol/1. A s  the ratio of  cytotoxic dose  to effective dose  

FIR. 5 
Ef fec t  o ľ  c o u m a r i n s  o n  H I V  p r o d u c t i o n  f r o m  A C H - 2  l y m p h o c y t e s  assayed  b y  R T  activity 

Absc i ssa :  s e e  Fig.  2;  ord inate:  c p m  x IQ-3. 

U m b e l l l f e r o n  4 - H y d r o x y c o u m a r l n  
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Fig. 6 
F o r  l e g e n d  s e e  page  248. 
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Fig. 7 
E f f e c t  o f  4-hydroxycoumarin  o n  H I V  core 
proteins  in A C H - 2  lymphocytes  ( W e s t e r n  

b lot  analysis)  
4 - h y d r o x y c o u m a r i n  c o n c e n t r a t i o n s  1 ( H -
1CH mol/1 (lanes 1-5). Control  (lane 6). 
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determined by RT assay was higher than 5 l o g ] 0  units, it is possible that these 
drugs act on the host cell metabolism rather than on the virus itself (Ito et al, 
1990). This is supported by Western blot analysis demonstrating an insignificant 
effect of 4-hydroxycoumarin on intracellular viral protein composition. It seems 
that the HIV-specificity of coumarins is similar or better than the specificity of 
RT-selective nucleoside inhibitors such as A Z T  (Mitsuya and Broder, 1987), 
since E D 5 0 %  starts from concentrations as low as 10~9 mol/1 without being 
cytotoxic at the highest dose. It may appear, at first sight, that despite an 
impressive EDS00/o record the overall effect of  coumarins is weak, since no 100 % 
inhibition was observed. This drawback could be attributed to the decline of  
pharmacological activity of coumarins, since the antiviral effect was measured 
five days after exposure to a single dose of drug. The antiviral effect of 
coumarins has been demonstrated in both types of  infectivity assays, i. e., by 
cell-free virus when the drug was present for only 1 hr at the inoculation and by 
cell-cell contact in the continuous presence of coumarins for 5 days. The latter 
results are particularly encouraging since it appears that A Z T  does not inhibit 
effectively cell-to-cell transmission of HIV (Gupta et al., 1989). In addition the 
effect of coumarins on HIV production from already infected cells, though also 
incomplete, is remarkable, since few, if any, of the available antiviral drugs can 
achieve inhibition of viral production from steady producing cells without being 
cytostatic (Bourinbaiar et al., 1992b). 

It is interesting that coumarin- unrelated polysaccharide anticoagulants such 
as dextran sulfate and heparin have also been shown to have an anti-HIV effect 
in vitro (Baba et al., 1991; Bourinbaiar and Nagorny, 1992c), and despite low 
biological availability they are currently tested in vivo. A s  opposed to polysaccha­
ride anticoagulants, clinically used coumarins such as warfarin are m o r e  conve­
nient alternatives since they can be  taken orally and have been  safely used for  
many years in the  treatment of blood coagulation disorders (Lancaster et al., 
1991). T h e  mechanism of coumarins '  action is relatively well established: they 
inhibit the  vitamin K-dependent carboxylation of  specific glutamic acid residues 
to  gamma-carboxyglutamic acid, required for  conversion of prothrombin to  an  
active form as well as the  enzymatic activity of thrombin,  t he  serine protease 
(Mor  et al., 1990; Fasco, 1982). Coumarins  serve as suicide substrates (Zimmer­
m a n  et al., 1976) and irreversible inhibitors of trypsin-like proteases such as 
lymphocyte granule cytolytic serine proteases (Hudig  et al., 1991). T h e  effect of  
synthetic peptide inhibitors of HIV protease is extensively investigated bu t  little 
is known of the  interaction of  coumarin -type protease inhibitors with retroviral 
aspartyl enzyme (Scharpe  et al., 1991). Incidentally, it has been recently reported 
that classic (Bourinbaiar and Nagorny, submitted) as well as Kunitz-type serine 
protease inhibitors (Hattori et al., 1989) can prevent HIV-1 infection, apparently 

Fig. 6 
Eíľcct o f  c o u m a r i n s  o n  t h e  g r o w t h  o f  A C H - 2  l y m p h o c y t e s  

A b s c i s s a :  see  Fig.  2; ord inate:  c p m  X 10--\ 
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through an aspartyl protease-independent mechanism. However, it is not known 
whether coumarins can interfere with viral infectivity through serine or aspartyl 
protease inhibitory pathways. 

In addition, some variants of  coumarins known as inhibitors of poly (ADP-
ribose) polymerase - a chromatin-bound enzyme activated by f ree  DNA ends -
were reported to suppress tar-independent activation of HIV-1 expression at the 
posttranscriptional level (Yamagoe  et al, 1991; Cole et al, 1991). Moreover, the 
fact that coumarins affect the levels of GSH (Soine, 1964; Lake  et al, 1989) may 
imply a related mechanism upon intracellular metabolism whereby HIV produc­
tion can b e  suppressed (Staal et al, 1990), 

In  conclusion, reported preliminary findings require fur ther  multidisciplinary 
investigations with the  goal of establishing t he  antiviral mechanism of couma­
rins and their potential for  clinical applications. 
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