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Abstract--A combined treatment with warfarin (W) and the alkylating agent 
nitrogen mustard (HN=) was performed from the human heteroploid cell line (EUE). 
Warfarin was added to the cultures and after 24 hr contact the W treatment was 
repeated together with different HN 2 doses. Cytotoxicity was measured as percentage 
reduction in cell density and the chromosomal efJects were evaluated by determining the 

./~equency of chromosomal aberrations. As compared to EUE cultures treated only with 
HN 2 a s(o~nificant increase in the toxicity values and in the amount of cytogenetie 
damage was .fimnd in cultures submiued to a combined treatment of HN 2 and W, 
wkicb d,,'~ n,I di,plal l,~ieit~, in the experimental conditions utilized. 

I N T R O D U C T I O N  

SODIUM warfarin, a well known anticoagulant 
agent is also used in the therapy of metastases 
[1, 2] since reduced blood coagulability in- 
hibits endothelial adherence and penetration, 
and the fixation of tumor cells in micro- 
thrombi, which have been shown to be crucial 
steps in the development of metastases [3]. A 
series of studies has shown that adequate 
anticoagulation significantly reduces the in- 
cidence of metastases in experimental tumor 
systems and human cancer [4, 5]. With the 
intention of preventing metastasis formation, 
and of impairing tumor growth, warfarin is 
often associated with cytotoxic agents in can- 
cer chemotherapy. 

In this connection it appears interesting to 
investigate what kind of interaction, if any, 
occurs between warfarin and cytotoxic agents. 
The first compound investigated is nitrogen 
mustard (HN 2) chosen as representative of the 
alkylating agents. Both cytotoxic and cyto- 
genetic damage to EUE cells pretreated with 
warfarin has been investigated and the results 
are reported. 
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MATERIALS AND M E T H O D S  

Chromosomal preparation for  evaluating cytogenelic 
damage 

About 2 . 5 x l 0 4 E U E  cells/ml in 5ml of 
Eagle medium with gentamycin (0.05°,;~), sup- 
plemented with 10°~ calf serum, were seeded 
in plastic Petri dishes (on coverslips) and 
preincubated for 48 hr at 37°C. Five millititres 
of new medium containing warf~trin 
(100 #g/ml) were then added to each mono- 
layer and after 24hr the ceils were treated 
with HN 2 (see experimental design). At the 
end of treatment, colcemid (0.1#g/ml) was 
added to each sample for 4hr  at 37°C to 
block the cellular mitoses in the metaphase. 
The chromosomes were then prepared by the 
method reported by De Carli and Nuzzo [6] 
and stained by standard methodology with 
Giemsa solution. A chromosomal aberration 
count was made on at least 100 mitoses. 

/ /  

Preparation of  E U E  cell monolayers Jor evaluating 
o'toto~iv effect 

Ore" millilitre samples of cell suspension 
were distributed in slanted test tubes in a 
slow-rotating roller drum and preincubated 
for 48 hr at 37°C before warfarin was added. 
A1 Ihc end ~d" Ihc trcmmcm with W and t | N ,  
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(see e x p e r i m e n t a l  des ign ) ,  each  m ( m o l a v e r  
was b r i e t l y  w a s h e d  in C a  2+ a n d  M g  2+ free, 

t ) hospha t e  buffiw so lu t i on  (PBS),  t hen  de -  
t a c h e d  by  m e a n s  o f  a t ryps in  so lu t ion  (0.25", ,  
1)it;:'.o T r y p s i n  in PBS).  

T h e  cell  suspens ion  was c o u n t e d  wi th  a 
C o u l t e r  COtluter tllod. B a n d  c y t o t o x i c  actMt\  
was c a l c u l a t e d  as d e s c r i b e d  b y  M o r a s c a  a n d  
lxx}nardi  [71, by m e a s u r i n g  the  i i f l f i l l i t ion {}f 
g r o w t h  o r  d e s t r u c t i o n  o f  the  E U E  cells. 

T h e  p e r c e n t a g e  o f  g r o w t h  was c a l c u l a t e d  
c o m p a r e d  to ti le i nc rea se  in the  n u m b e r  o f  
contr{}l cells. T h c  p e r c e n t a g e  o f  d e s t r u c t i o n  
was {-valuated c o m p a r e d  to the  b a s e l i n e  va lue .  
T h e  e x p e r i m e n t s  we re  r e p e a t e d  th ree  t imes ,  
each  g r o u p  cons i s t ing  o f  five samples .  

Experimenla! des~W and lreatmen! 

Af te r  2 4 h r  W t r e a t m e n t  the  cells were  
t r e a t e d  wi th  W a g a i n  t o g e t h e r  wi th  H N  2 tbr a 
f u r t he r  2 4 h r .  Cel ls  were  thus  e x p o s e d  t{} X.\: 
for a to ta l  o f  4 8 h r ,  a n d  to H N  2 for 24 hr .  T h e  
d u r a t i o n  o f  W t r e a t m e n t  was  chosen  on the 
basis  o f  p r e l i m i n a r y  e x p e r i m e n t s  a i m i n g  at  
d e t e c t i n g  the  c o n d i t i o n s  g iv ing  the  h ighes t  
p o t e n t i a t i n g  effect ( u n p u b l i s h e d  d a t a ) .  

W was  used at  1 0 0 y g / l n l ,  i .e. ,  the  c{}n- 
c c n t r a t i o n  w h i c h  af te r  48 h r  o f  c o n t a c t  h a d  no 
i n h i b i t o r y  eft~ct (m cell  g r o w t h .  H N  2 was 
used a t  doses o f  1, 5, 1{} a n d  50 /~g /ml  lbr  
e v a l u a t i n g  the  c y t o t o x i c  cfl~'ct a n d  0.003.  
0.01 a n d  0 . 0 5 y g / m l  tor  e v a l u a t i n g  t y r o -  
gene t i c  d a m a g e .  T h e  doses o f  H N  2 used to 
e v a l u a t e  c y t o g e n e t i c  d a m a g c ,  we re  m u c h  
l o w e r  t h a n  for c y t o t o x i c i t y  e x p e r i m e n t s  s ince  
cell  g r o w t h  is n e e d e d  to ensu re  cells in 
mitosis .  

R E S U L T S  A N D  D I S C U S S I O N  

T h e  effect o f  H N  2 on  E U E  cells u n d e r  \%; 
t r e a t m e n t  was i n v e s t i g a t e d  b y  r e c o r d i n g  the  
n u m b e r  o f  c h r o m o s o m a l  a b c r r a t i o n s  w i th  a n d  
w i t h o u t  W a n d  H N  2 a n d  the  resul ts  a re  
i l l u s t r a t e d  in T a b l e  1. 

W h e r c a s  W t r e a t e d  cells s h o w e d  a f ie-  
q u e n c y  o f  a b n o r m a l  mi tos i s  c o m p a r a b l e  w i th  
the  con t ro l s  a n d  H N  2 d id  no t  g ive  rise to 
cons i s t en t  c y t o g e n e t i c  d a m a g e  (at least  a t  the  
c o n c e n t r a t i o n s  e m p l o y e d ) ,  a 4 5- tb ld  i n c r e a s e  
in the  n u m b e r  o f  mi toses  wi th  c h r o m o s o m a l  
a b e r r a t i o n s  (as c o m p a r e d  to c o n t r o l  a n d  W 
g r o u p s )  was  o b s e r v e d  w h e n  \ f  was a s soc i a t ed  
wi th  n i t r o g e n  m u s t a r d .  W h e n  H N  2 was g iven  
to p r e t r e a t e d  cells a t  the  dose  o f  O . 0 5 y g / m l  
t i le  t ox i c i t y  (}f t i le  t r e a t m e n t  s t o p p e d  the  cells 
g r o w i n g ,  a n d  c h r o m o s o m a l  ana lys i s  c o u l d  not  
be m a d e .  

Ta l ) l e  2 shows t ha t  the  c y t o t o x i c i t y  o f  H N  2 

7}1hie 1. (:'rlo/?enelic damage i,duced h}' d!//Mnl HN 2 
do.se.s o/zc,a(/hrin {H') p~elreated A'I"£ cell.~ 

N(} {)[ 

Trcatn]cnl N{). ()f mit(}s{.s ,ailh 
(/*g/inl miu}scs abcr- 

mc{tium ) amdvs{'{t l'ations* 

None 100 t 
\V 100 100 3 
{a) HN 2 0.005 100 3 
{b) XV l{){}+ HN 2 {).003 1{)() 21 
{c} HN 2 {L{)I 1{}{) t ~ 
{d) W 10() + t l N  2 (}.01 I(}0 2[,-; 
{{') HN 2{}.{)3 l{}{} 1t 
{f} W 100+ HN 2 0.05 N{} ~r{}wth 

*Gaps \yore cx{'ludcd in the count of ('hr{m~{~SOlnal 
abcrrali{}ns. 

Rvan's pr{}{'cdur{': a vs I} P<{}.{}3; {" \s d P<0.(}I: {' xs f 
l'<{).01. 
+\Ii{'t" 24hr incubation with W, cells wcrc trcatc{I with 
W and HN 2 together I()r a further 24hr, then l)roc('sscd 
ti}r {'hr,}m{}s{mml count as d{'scril}cd und{'r Mcthod~. 

7}lbtc 2. (/l, loloxh: aclivilr o/ diJferenl HN 2 (0~- 
ccnlralio,.s on wa{ja,-i,t i l l ' )  pre/reated ce//s 

'l'reatm{:nt (h'{}wth* l)cstruction + 
{/.tg/ml mediun] ) (" .)  {(' ,, ) 

Nora' 100 0 
W 100 91 1} 
HN 2 1 53 {i 
W 1 0 0 + H N  21 {1 1 ~  
t i n  2 .5 0 1 
W 100 -v t t N 27) 0 28§ 
HN 2 10 0 2(1 
XV 1(10+ HN 2 1{) 0 t I§ 
t t N 2 30 0 58 
W l(}0 + HN 2 3(} (} 713 

*(iompavcd 1o control values at [gln" {452_+9.05x 103 
cells). 

+(:onlps, rcd (0 1)ase-linc values at 0 hr {260± 19.7 
x 103 cells). 

:'~:1'<0.001; §P<0.01 compared to the HN 2 treated 
group, by analysis of variance {I)uncan's test). 

,'kflcr 24hr incubation with W, (:ells were treated with 
W and HN 2 together tbr a further 24hr, then processed 
fin" recording growth inhitfition or destruction as de- 
scribed under Methods. 

is also e n h a n c e d  in thc  p rc sence  o f  \ '\2 S ince  
the  t{}xicity o f  \'V a lone  on  c u l t u r e d  E U E  cells 
is not  s ign i f i can t ly  d i f f . ' r en t  f rom cont ro ls ,  
doses o f  H N  2 in the  r a n g e  o f  1 50 ,ug /ml  
i nh ib i t  g r o w t h  or  cell  d e s t r u c t i o n  m o r e  in \V 
t r e a l e d  t h a n  in u n t r e a t e d  cells;  tbr  i n s t ance .  
1 y g / m l  o f  H N  2 inh ib i t s  cell g r o w t h  on ly  b} 
50')i, ,  bu t  when  W is a d d e d ,  it resul ts  in cell 
d e s t r u c t i o n .  ' l ' hesc  resul ts ,  i n d i c a t i n g  t ha t  \V 
m a y  e n h a n c e  the cy to -  a n d  g e n o - t o x i c  ac t i v i t y  
o[" H N  2, a re  in good  a g r e e m e n t  wi th  the  
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report  bv Kirsch el al. [8] describing in vitro 
drug  synergy between sodium warfar in  and 
another  ant i tumoral  agent, 5-fluorour~acil. 

As to the molecular  mechanism responsible 
tbr this effect, it is possible that W, which is 
known to bind to proteins to a high extent  [9] 
competes with H N  2 tbr protein binding sites 
in the medium,  thus increasing the amoun t  of 
fi'ee compound .  

It should also be considered how the re- 
1)orted intercalat ing cflect of  W with D N A  
[10, 11 I is involved in this drug interaction.  
T h e  thct that  W, al though at concentra t ion 
higher  than those employed in our  experi- 
ments, has been described as inhibi t ing pro- 
tein and DNA and RNA synthesis 112, 13] 

and as cytotoxic per se in vitro on cult ivated 
h u m a n  tumor  cells [14] makes it tempt ing to 
speculate that  the cellular and chromosomal  
toxicity of  alkylating agents may  in some way 
be enhanced by the presence of  the 
compounds.  

Whe the r  other  an t i tumora l  agents behave 
the same way when combined with W and 
whether  the increased activity observed in vitro 
results in a greater  in vivo therapeut ic  or toxic 
interact ion is current ly  under  investigation. 

Acknowledgements--The valuable help given bv Dr. 
Martino Rccchia in the statistical elaboration of the 
data is gratefully acknowledged. Thanks arc also due to 
Dr. A. Butti of Crinos Laboratories, Como. lbr provid- 
ing us with sodium warl~trin. 

REFERENCES 

1. H. C. HOOVER, .JR. and A. S. KETGHAM, Techniques tbr inhibiting tumor 
metastases. Cancer (Philad.) 35, 5 (1975). 

'2. D. AGOSTINO and E. E. CLIFFTON, Anticoagulants and the development of 
pulmonary metastases. Anticoagulant effect on the Walker 256 carcinosarcoma 
in rats. Arch. Surg. 84, 449 (1962). 

3. S. WOOD, E. D. HOLYOKE and . J . H .  YARDLEY, Mechanisms of metastasis 
production by blood-borne cancer cells. Cancer Cancer Conf. 4, 167 (1961). 

4. . J . J .  RYAN, A. S. KETCHAM and H. It4~:EXLER, Warfarin t reatment  of mice 
bearing autochthonous tumors: effect on spontaneous metastases. Science 162, 
1493 (196a). 

5. . J . M .  BROWN, A study of the mechanism by which anticoagulation with 
warfarin inhibits blood-borne metastases. Cancer Res. 33, 1217 (1973). 

6. L. DE GARLI and F. Nuzzo, Colture Cellulari. Boringhieri, Torino (1973). 
7. L. MORASCA and A. LEONARDI, Methode rapide pour l'evaluation quantitative 

de l'activit6 eytotoxique en culture de tissus par une num(-ration dlectronique 
des cellules. Rev. franf. Etud. clin. biol. 10, 759 (1965). 

8. \V. NI. KIRSCH, D. SCHULTZ, .J..J. VAN BUSKIRK and H. E. YOUNG, Ett>cts of 
sodium warfarin and other carcinostatic agents on malignant cells: a stud'," of 
drug synergy, j .  Med. 5, 69 (1974). 

9. T..J.  BENYA and J. G. WAC, NER, Rapid equilibration or" warfarin between rat 
tissuc and plasma. J .  Pharmacokin, Biopharm. 3, 237 (1975). 

10. C. H. CLARKE and D. M. SHANKEL, Antimutagenesis in microbial systems. 
Bact. Rev. 39, 33 (1975). 

11. S . J .  D~. COURCY .JR., M. M. BARR, \'V. S. BLAKEMORE and S. MUDD. 
Prevention of antibiotic resistance in vitro in Staphylococcus aureus, Escherichia coli 
and Pseudomonas aeruginosa by coumadin..7, infect, Dis. 123, 11 (1971). 

12. H .B .  BOSMANN and M. McMINN, Synthesis of maeromolecules by HeLa cells 
in the presence of vitamin K and warfarin. Chem.-Biol. Interact. 3, 230 (1971). 

13. R . J .  BERNACKI and H. B. BOSMANN, Warfarin and vitamin K accelerate 
protein and glycoprotein synthesis in isolated rat liver mitochondria in vitro. 
Biochem. biophys. Res. Commun. 41, 498 (1970). 

14. A. LISNELL and .]. MELLOREN, Effect of heparin, protamine, dicoumarol, 
streptokinase and epsilon-amino-N-caproic acid on the growth of human cells 
in z,ilro. Acta path. microbiol, scand. 57, 145 (1963). 


