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In vitro Effect of Sodium Warfarin on DNA and RNA 
Synthesis of Mouse L1210 Leukemic Cells and Walker

Tumor Cells'

J. C. C hang and T. C. Hai.l

Division of Oncology, Department of Medicine, University of Rochester School of 
Medicine and Dentistry, and Strong Memorial Hospital, Rochester, N. Y.

Abstract. Sodium warfarin was studied for its in vitro Key Words 
effect on nuclei acid synthesis of LI2I0 leukemic cells and Warfarin 
Walker 256 carcinosarcoma cells. Moderate inhibition Nuclei acid synthesis 
was noted in the incorporation of thymidine and uridine LI210 leukemia 
into DNA and RNA in L12I0 cells, but only at very high Walker 256 carcinosarcoma 
concentrations, and no inhibition was seen in Walker
tumor cells. The survival of LI 210-bearing mice was not influenced by various regimens 
of sodium warfarin treatment. These data indicate that sodium warfarin probably has 
no direct in vivo antitumor activity against LI 210 leukemia of mice or Walker 256 carcino
sarcoma of rats.

The long-term administration of sodium warfarin, 3-(x-acetonylbenzyl)- 
4-hydroxycoumarin. has been reported to decrease the incidence of pul
monary métastasés from the Lewis bladder carcinoma 150 in Swiss mice, 
the mammary adenocarcinoma in C3H/HeN mice, and Walker 256 car
cinosarcoma of rats [1, 10. 14]. At the same time, the survival of these 
animals was also considerably increased. The incidence of cancer and its 
mortality has been studied in patients receiving anticoagulant therapy for 
thromboembolic disease, and the suggestion has been made that anti
coagulant therapy may alter the natural course of cancer [8]. The effect of 
warfarin on tumor cells is thought to be due either to a change in motility 
mediated by the anticoagulation mechanism [5, 11] or to a direct cytotoxic- 
activity against tumor cells [2], Inhibition of local tumor growth by sodium 
warfarin or other anticoagulants was demonstrated in experimental tumors 
[2, 7, 14], yet there is still no convincing evidence of antitumor activity against 
human tumors. Because of these interesting reports, we have examined the
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/11 ,·itгo Effect of Sodium Warfarin оп DNA and RNA 
Synthesis of Mouse L1210 l~cukcmic Cells and Walkcr 

Tumor Cells 1 

J. С. С11д:-1G and Т. С. Нл1 . L 

l)ivision of Oncology, L)epart111ent of Medicinc, Univcrsity of Rocl1cstcr Sclюol of 

Medicine and Dcntistry, ;ind Strong Menюrial Hospital, Rocl1cster. N. У. 

Al1J11·acf. Sodi11n1 warfarin was st11died for its in 1•ifm 

elfcct оп n11clei acid syn1l1csis of L 121 О le11kc111ic cells and 

Walker 256 carcinosarconia cells. Moderate inl1ihition 
was notcd in the incorporation of thy111idine and шidine 

into DNA and RNA in LI2I0 cells, Ь111 only at very l1igl1 
concentrations. and по inl1ihition was seen in Walker 

Кеу Wol"(/~ 

Warfarin 
№1clei acid syntl1esis 
L 121 О lc11ken1ia 
Walker 256 carcinos.irco111a 

11Iпюг cells. Th<.' sшvival of L 12 IO-bcaring 111icc was not inП11enccd Ьу vario11s regi111cns 

of sodi11111 warfarin trcatn1cn1. Tl1cse data indicate tl1at sodi11n1 warfarin ргоЬаЫу l1as 

по direct in 1·i1·0 antitшпor activity against L I2 IO le11ken1iг of n1icc ог Walkcr 256 carcino

sarco111a of г;its. 

Thc long-term administration of sodit1m wаг1·агiп. 3-(:x-acctonylbcnzyl)-
4-hydroxycot1marin. has been reported to decrcasc thc incidcncc of pul
n10nary n1ctastases from the Lewis Ыadder carcinoma 150 in Swiss mice. 
the mammary adenocarcinon1a in СЗН / НеN mice, and Walker 256 car
cinosarcoma of rats (1. 10. 14). At thc same time. the survival of thcse 
anin1als was also considerahly increased. The incidence of cancer and its 
mortality has been studied in paticnts recciving ;:inticnagulant therapy for 
th rombocmbolic diseasc. and the suggestion has been made that anli
coagulant therapy may alter the natural coursc of cancer (8). Thc effect of 
warfarin оп tun10r cells is thought to Ье due either to а changc in motility 
mediated Ьу the anticoagulation mechanism (5. 11] or to а direct cytotoxic 
activity against tt1n10r cells [2] . lnhihition of local tun10r growth Ьу sodium 
warfarin or othcr anticoagulants was den10nstratcd in experimental tumors 
(2. 7. 14]. yet there is still по convincing cvidcncc of antitun10r activity against 
human tun10rs. Because of thesc intcresting reports, wc have examincd the 

1 S11pported Ьу NCI grants No. СА-III91! and С А-I IOIO. 
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possibility of a DNA and RNA inhibition in tumor cells by the drug, and 
studied the effect of sodium warfarin on nucleic acid synthesis in LI210 
mouse ascitic leukemic cells and Walker 256 carcinosarcoma cells of rats.

Materials and Methods

In vitro Effect on L 1210 Leukemic Cells
LI2I0 mouse ascitic leukemic cells were harvested 5 days after the intrapcritoncal 

inoculation of 2x  |05 cells into CDF, mice. A l-percent cell suspension was made in 
Eagle's medium, containing 10% horse serum with sodium warfarin at concentrations 
ranging from 10" to 10 1 ¡jtM/ml. A control was also studied without sodium warfarin. 
The rate of DNA and RNA synthesis was also measured as previously described [3]. 
Briefly, "C-thymidine (TdR), -'H-deoxyuridine (UdR) or ’’C-uridine (UR) was added to 
cell suspension and incubated at 37 C with continuous agitation. 30 min later, the incu
bation was terminated by the addition of 10% cold trichloroacetic acid to precipitate 
nuclei acids, and the incorporation of radioisotopically labeled thymidine and deoxy- 
uridine into DNA. and of uridine into RNA was determined by liquid scintillation 
counting. Changes in DNA and RNA synthesis resulting from exposure to various 
concentrations of sodium warfarin were plotted as percent of control values.

In vitro Effect on Walker 256 Carcinosarcoma Cells
Walker cells, 2 x l0 \  were injected intraperitoneally into 6-week-old Sprague- 

Dawlcy rats. 5 days later, these rats were sacrificed by cervical dislocation, and Walker 
cells were collected for the study of the effect of sodium warfarin on the nuclei acid 
synthesis, using the same procedure as for L1210 cells.

Effect o f Sodium Warfarin on Survival o f L / 210-hearing Mice
A total of 50 mice were transplanted intraperitoneally with 2x10 ' LI2I0 cells. 

These mice were divided into three groups: group I, the sodium warfarin-treated group, 
with 30 mice; group 2, the saline-treated group, comprising 10 mice: group 3, the non- 
treated group, with 10 mice. Group I was treated intraperitoneally with sodium warfarin, 
0.25 mg/kg/day (10 mice), 1.0 mg/kg/day (10 mice), and 2.5 mg/kg/day (10 mice) from the 
second day of the transplantation. Group 2 was injected with an equal volume of the 
diluent, and group 3 remained untreated for control purposes. The number of dead 
animals was recorded every day on each group, and the percent of dead animals calculated.

Results

Effect on L 1210 cells. The in vitro inhibition of sodium warfarin on the 
nucleic acid synthesis of LI2I0 cells was not apparent at concentrations of 
less than 10 2 p.M/ml. At the concentration of 10 1 or 10° fjtM/ml, the drug 
resulted in 10 and 50% inhibition of TdR incorporation into DNA. and
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possihility of а DNA and RNA inhihition in tu111or cells hy the drug. and 
studied the eftect of sodium warf,нin оп nuclcic acid synthesis in L 121 О 
nюuse ascitic lcL1ken1ic cells and Walker 256 carcinosaГ(;o111a cells of rats. 

Materials ши/ Me1l10tls 

ln vitro ЦJ;,ct 1111 L /1/0 Ll'11kt•111ic Ct'lls 

L I2 IO n10tIsc ascitic lcukcn1ic cells were harvcstcd 5 days aftcr tl1e intrapcritoncal 
inoct1lation of 2 х 10' cclls into CDF, n1ice. А I-percent ccll st1spension was n1ade in 
Eagle's n1ediun1, containing 10% horse seпIn1 with sodit1n1 warfarin at conccntrations 
ranging fron1 10" to 10 ' µ M .1n1I. А control was also sшdied withollt sodiun1 warfarin. 
Thc rate of DNA and RNЛ synthesis was also n1easured as previoL1sly described [3]. 
Briefly. " C-1hyn1idine ПdR). ·'H-deoxyuridine (UdR) ог "C-llridinc (U R) was addcd to 
cell suspension and inct1batcd at 37 С with continL1ous agitation. 30 n1in later, the incll
bation was tcrn1inated Ьу the addition of IO% cold trichloroacctic acid to prccipitate 
nt1clei acids. a11d the incorporation of radioisotopit:ally labeled tl1yn1idine and deoxy
шidinc into DNA. and of uridinc into RNA was detern1ined hy liqllid scintillation 
counting. Changes in L)NA and RNA synthcsis resulting fron1 exposurc to varioL1s 
conccntrations of soditin1 warfarin werc plottcd as percent of control valucs. 

ln vitro E/J;,ct 1111 Walkt•1· 156 Сшсi1111.,·шс1111ш Се//.~ 

Walkcr cclls. 2 х 10'·, were injectcd intraperito11eally into 6-week-old SpragL1e
Dawlcy rats. 5 days latcr, these rats wcre sacrificcd Ьу cervical dislocation, and Wa lker 
cells wcre collected for tl1e study or tl1e effect of sodit1n1 warfarin оп the m1clei acid 
syntl1csis. t1sing the san1e procedurc as for LI2I0 cells. 

f JJ;,ct о/ Sщ/i11111 Wшfшi11 011 Smтi,·al о/ L lll0-ht•11•·i11g Mice 

А total of 50 niice wcrc transplanted intraperitoncally with 2 х 101 L 121 О cclls. 
Tl1ese niice were divided into tl1ree groups: grot1p 1, thc sodiun1 warfarin-treated grollp, 
with J0 n1icc: group 2. tl1e saline-treatcd grotIp. con1prising 10 n1icc: group 3. thc non
treatcd grotIp, witl1 10 n1icc. Grot1p I was treated intraperitoneally witl1 sodit1n1 warfarin, 
0.25 n1g kg.'day (10 niicc). 1.0 nig'kg,day (10 n1ice), and 2.5 n1g.1kg/day (10 n1ice) froni the 
second day of 1l1e transplantation. Grot1p 2 was injecIed with an eqt1al volL1n1e of thc 
dilucnt, and grot1p 3 reniained un1reated for con1rol ptIrpuscs. Tl11: 11u111bcr uf uc:.tu 
aninials was recordcd every day оп cacl1 grot1p. and 1l1e percent of dead anin1als calculated. 

Results 

E.lfect 011 L /2/() cells. Thc in 1·itro inhihition of sodiu111 warfarin оп the 

nucleic acid synthesis of L1210 cclls was not apparent at concentrations of 

lcss than 1О 2 11.M ! ml. At thc concentration of 10 1 ог IOe 11.M /ml. the drug 
resultcd in 10 and 50% inhihition of Tdl{ i11corporation into f)NA. and 
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15 and 62% inhibition of UR into RNA. In contrast, UdR incorporation 
was not influenced by the drug (fig. 1). These results indicate that sodium 
warfarin primarily inhibits thesalvage pathway of DN A synthesis from thymi
dine without any detectable effect on the de novo pathway from deoxyuridine. 
RNA synthesis from UR was inhibited to the same degree as DNA synthesis 
from TdR.

Concentration of sod ium  w arfarin  pM/ml

Fig. L In vitro (mouse L1210 cells) effect of sodium warfarin on DNA and RNA 
synthesis. Warfarin showed no effect on UdR (solid line) incorporation into DNA, but 
resulted in moderate inhibition of TdR (dotted line) incorporation into DNA and of 
UR (broken line) incorporation into RNA.

Effect on Walker 256 carcinosarcoma cells. The presence of various 
concentrations of sodium warfarin from 10-4 to 10° ¡¿M/ml did not affect 
the rate of DNA and RNA synthesis by Walker 256 carcinosarcoma cells 
over the control values.

Survival o f L 1210-bearing mice. As shown in table I, on the eighth day 
of transplantation, 27% of the sodium warfarin-treated mice were dead, 
as were 10% of the saline-treated group and 10% of the non-treated group.
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15 and 62% inhihition of UR into RNA. ln contrast, UdR incorporation 

was not influenced Ьу the drug (fig. 1 ). These rcsults indicate that sodium 

warfarin rrimarily inhibits the salvage pathway ofDNA synthesis from thymi

dine without апу dctectaЫe efТect оп the de 1101·0 pathway from deoxyuridine. 

R NA synthesis from UR was inhibited to the sамс dcgree as DNA synthesis 

from TdR. 
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Concentration of 5odium warfarin µM/ml 

Fig. /. /11 1•itm (nюuse Ll210 cclls) effcct of sodiun1 warfarin on DNA and RNA 

synthesis. Warfarin showed no effcct on UdR (solid line) incorporation into DNA, but 

rcsultcd in nюderatc inhiЬition оГ TdR (dotted linc) incorporation into DNA and of 
UR (brokcn line) incorporation into RNA. 

E.ffecr 011 Wa/ke1· 256 сшсiпоsшсота cells. The presence of various 

concentrations of sodium warfarin from JQ- 4 to 10° t1.M /ml did not affect 

thc гаtе of DNA and RNA syn thesis Ьу Walker 256 carcinosarcoma cells 

over thc control values. 

S11пi1·a/ of L 12 /0-heшing mice. As shown in tаЫе 1, оп the cighth day 

of transplantation, 27% of thc sodium warfarin-treated mice were dead, 

as werc 10% of thc sali ne-trcated group and 10% of thc non-treated group. 
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Tabic I. Survival of L 1210-bearing mice treated with sodium warfarin (SW)

Days after Dead animals, % Saline-treated Nontreatcd
transplantation SW-trcated
of L 1210 cells A B C

8 30 30 20 10 10
9 70 80 70 50 50

10 100 100 100 100 100

A = 0.25 mg SW/kg/day; B= 1.0 mg SW/kg/day; C = 2.5 mg/kg/day.

On the ninth day, 73% of the sodium warfarin-treated. 50% each of the 
saline-treated and the nontreated were dead. The different dose schedules 
of sodium warfarin produced no difference among the treatment groups. 
On the 10th day, all the animals were dead regardless of the modality of 
treatment. These results indicate that there was no increase in survival of 
L1210-bearing mice when they were treated with sodium warfarin.

Discussion

Recent studies of Boulos et al. [2] showed that tumor growth rate was 
reduced and survival time considerably prolonged after long-term adminis
tration of sodium warfarin to rats with transplanted fibrosarcoma In 
contrast, H igashi and H eihelberger [6] reported the lack of an inhibitory 
effect of sodium warfarin on cell growth of primary and metastatic L1210 
leukemia and adenocarcinoma 755 in BDF, mice. Our present studies 
showed moderate inhibition of utilization of salvage pathway of thymidine 
for DNA synthesis and of RNA synthesis only in very high in vitro con
centrations. Survival times of LI 210-bearing mice after treatment with 
sodium warfarin were not influenced by various regimes of the drug. 
Apparently, in vivo DNA- and RNA-inhibiting capacity of the drug was 
not present at concentrations for anticoagulant therapy. Sodium warfarin 
did not show any effect on the DNA and RNA syntheyis of Walker 256 
carcinosarcoma cells, in spite of a previous report of a significant decrease 
in pulmonary metastases and of an increase in survival times of rats with 
Walker 256 carcinosarcoma [I],
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Tablt• /. St1rvival or L 1210-hearing 111ice trcated with 5odit1111 warГarin (SW) 

l)ays aГter ()cad ani111als, % Saline-trcatcd Nontreatcd 
transplantation SW-trcated 
or L 121 О cells А н с 

8 30 30 20 10 10 
9 70 80 70 50 50 

10 100 100 100 100 100 

А = 0.25 111g SW/kg/day; В = 1.0 111g SW/kg/day; С = 2.5 111g/kg/day. 

On thc ninth day, 73 % of the sodium warfarin-treated. 50% cach of the 
saline-trcated and the nontrcated wcrc dead. The difТerent dose schedules 
of sodium warfarin produced no diffcrence anюng the treatment groups. 
On the 10th day, all the animals were dcad rcgardless of the nюdality of 
treatmcnt. Thcse results indicate that there was no increasc in survival of 
L 1210-bearing micc when they were trcated with sodium warfarin. 

Discussio11 

Reccnt studies of Bot.:LOS er а/. [2] showed that tumor growth rate was 
rcduced and survival timc consideraЫy prolonged after long-term adminis
tration of sodium \varfarin to rats with transplanted fibrosarcoma I n 
contrast, Нюлs111 and H1:11>Г:Lflf:Rc;r:R [6] reported thc lack of an inhihitory 
cffect of sodium warfarin on ccll growth of primary a11d metastatic L 1210 
leukemia and adcnocarci11oma 755 in BDF 1 mice. Our present studics 
showed modcrate inhiЬition of utilization of salvage pathway of thymidinc 
fur DNA sy11tl1esis ar1d of RNA synthesis only iп vcry high i11 ,·itro con
ccntrations. Survival timcs of L 1210-hearing mice after trcatment with 
sodium warfarin wcre not innucnced Ьу various regimes of the drug. 
Apparently, in 1·i1·0 DNA- and RNЛ-inhiЬiting capacity of the drug was 
not present at concentrations for anticoagulant therapy. Sodium \varfarin 
did not show а11у effcct on the DNA and R NЛ syntheyis of Walker 256 
carcinosarcoma cells, in spite of а prcvious report of а significa,н decrease 
in pulnюnary metastases and of an incrcase in survival times of rats with 
Walker 256 carcinosarcoma [1]. 
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Experimentally, anticoagulation reduced the number and size of métastasé 
[4, 12] and protamine increased the formation of experimental métastasés [13]. 
O’Meara and Jackson [9] suggested that the growth of metastatic tumor 
cells was related to clumping or stickiness, which may be altered by fibri
nogen or fibrin formation. If this is so, then substances which prevent fibrin 
formation might prevent métastasés. This would offer an explanation for 
the reduction of spontaneous métastasés of certain animal tumors by sodium 
warfarin and other anticoagulants.

The studies of H igashi and Heidelberger [6] and ours failed to demons
trate direct inhibition of tumor cell growth by sodium warfarin. Since in 
vitro inhibition of DNA and RNA synthesis occurs only in high concentrati
ons, which greatly exceed therapeutic concentrations in the human, it may 
have very little clinical promise as an antitumor drug.
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Expcrimentally. anticoagulation reduccd the numbcr and size ofmetastase 
(4. 12) and protamine i ncreased tl1e formation or cxperimental n1ctastascs [ 13). 
о·м1:лRд and .lлcкsoN (9) suggested that the growth of metastatic tunюr 
cells was related to clumping or stickiness, which тау Ье altcred Ьу fibri
nogen or fibrin formation. lf this is so. thcn substanccs which prevent fibrin 

formation might prevent metastases. This would ofTer an cxplanation for 
the reduction ofspontaneous metastases ofcertain animal tunюrs Ьу sodium 

warfarin and other anticoagulants. 
Thc studics of Нюлs11I and HF.ШГ:L.U[RU[R (6) and ours failed to denюns

trate direct inhiЬition of tumor ccll growth Ьу sodium warfarin. Since iп 

1·ir1·0 inhiЬition of DNA and RNA synthesis occurs only in high conccntrati
ons, which grcatly excecd therapeutic concentrations in tl1e human, it may 

have very little clinical promise as an antitunюr drug. 
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