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ABSTRACT 

The haloadenine nucleosides 99-D-arabinofmanosyl-2-fluoroadenine, 2-Mom*, 2- 

chlorrr, and 2-fluoro-2'-deoxyadenosine a re  examples of second generation drugs resulting 

from structural modification of -presently used drugs. These nucleosides are  cyto todc  t o  

a number of cell lines in culture and ere highly active against both the L-1210 and P388 

leukemias in mice, having been shown to be curative in the L-1210 system. 

A new kind of agent has resulted from the attachment of a chemically reactive 

group t o  the  5'-position of nuclecsides. 5'-Bromoacetamidw5'-deoxythymidine, the  most 

active agent of this type prepared so  far ,  is cy to todc  to both H.Ep.-2 and L-1210 cells in 

culture and has shown good activity agaiwt the P388 leukemia in, mice. Biochemical 

studies have shown that  this compound interferes with DNA synthesis perhaps by t h e  

inactivation of nudeoside diphosphate reductme. 

Another new class of agents, the I-deaza-7,s-dihydropteridines, hss been,found t o  

be extremely cytotoldc and to be active against the  P388 leukemia in mice. These agents 

a re  mitotic inhibitors and may prove superior to the  standard clinical antimitotic agent, 

vincristine, in tha t  they are active against a strain of the P388 leukemia resistant t o  

vincristine and are  more accessible synthetically. Based on the  results to  date, i t  would 

appear tha t  further improvement in activity is possible via sbuctural  modification. 

Although the mechanism by which any anticancer agent, even the early drugs such m methotremte and 

nitrogen mustard, selectively kills cancer cells has not been clearly etablished (indeed only limited selectivity 

is achieved causing the  everpresent problem of drug toxicity with which both patient and doctor are all too 



familiar), and although definitive studies on some of the newer agents are not complete, the overwhelming 

bady of evidence points to interference with the synthesis or function of nucleic acids, or with the mitotic 

process itself, as being the ultimate mechanism by which most, if not all, agents ldll cancer (and certain host) 

cells. That this is true may be self-evident, since cancer is cl&y i disease of uncontrolled proliferation of 

~ d l s  that have mutated from normal body cells. 

The major metabolites involved in the synthesis of nudeic acids are purines, pyrimidines, and pteridines. 

Pwines and pyrimidines - adenine, guanine, cytosine, uracil, and thymine - become integral parts of the 

nueleic acids whereas pteridines participate primarily as the various forms or derivatives of [621- 

tetrahydrofolate that take part in the @ nova biosynthetic pathways of both the purine and pyrimidine 

nucleatides. Became of the importance of these heterocyclic ring systems in nudeic acid bimynthesis, most 

of the antimetabolites used today in cancer chemotherapy - the 6-thiopmines, methotrexate, bfluorouracil, 

and arabinofuranosylcytosine - belong to them. These drugs exert their effects by the inhibition of the 

enzymes of the biosynthetic pathway to  nucleic acids or by incorporation into the nucleic acids or by both 

mechanisms. In any event, except for methotrexate, the parent drug, be i t  a purine, pyrimidine, or nucleoside 

thereof, must be converted to  the nucleoside mono-, di-, or triphosphate-, a metabolie activation normally 

accomplished by one of the so-called salvage enzymes, and as a ldnase or phosphoribosyltransferase. Despite 

their utility, these drugs have certain drawbacks. Imufficient selective toxicity and the selection, by 

treatment, of mutant cell populations resistant to  them are  major ones that often cause failure, a t  tolerated 

dmes, to eredieate cancer cell populations and effect cures. 

Second generation drugs have resulted from structural modification of presently used &ugs, based on an 

understanding of metebalism, mechanism of action, and other properties such as drug transport.' The 

haloadenine nucleosides represent one such type of second generation drug. Our methods for the preparation 

2 of nuclewides of 2- and 8-haloadenines h e w  been adequately Bescribed (Charts 1 and 11). The discovery of 

the resistance of 2-fluoroadenosine to deamination and of i ts potent cytotoldcity led to  studies on other 

3 nucleosides of 2-fluoroadenine and, later, of other hiloadenines.il W e  have sptematically studied the r i b ,  

2'-deoxyrib, arabinw, xylo-, and certain other nudeoside derivatives of most of the haloadenines and have 

been able to relate their biologic activity t o  their metabolism and to  establish the probable mechanism of their 

cytotodcity and anticancer activity. 

Table I presents the cytotodcity of the haloadenines and some of their nucleosides to H.Ep.-2 cells in 

culture. Note that the only adenine that is a potent cytotoxin is 2-fluoroadenine, although 2-CNorc- and even 

2-bromoadenine show some activity.. These results probably reflect the ability of these compounds to  serve as 
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Chart I 

H - 
R u  R5  

N 

R2 R3 R2 R 3  R u  R5 

X = CI or Br 

D-Sugars: ribose, 2'- and 3'-deoxyribose. xylose, and arabinose. 

Chart II. 



Table I. Cytotoxicity of the  Haloadenines and Some of their Nucleasides 

ca. gb 

8 

ca. 3 

5 
-. 

ca. 5b 

-- 

-. 

-. 

-. 

a ~ ~ o l a r  concentration o f  compound required to inhibit growth of  treated H.Ep. $2 cells to 
50% of  controls. the  presence of 2'-deoxycoformycin, CLine AK- and APRT ,2000 - resistant. 

sutstrates far adenine phospharibosyl transferme, but this hA not been established. 2-Fluoroadenosine, which 

shows the samedegree of cytotodcity as 2-fluoroadenine,is about 400 times as cytotodc as 2-chloro and 
. ~. 

6,000 times as cytotoxic as 2-bromoadenosine, and the difference appears to relate to their ability to  serve as 

substrates for aden'osine idnase (Table 11);~ since, with the exception of 8-fluoroadenosine, all of these 

compounds are highly r e s i s t i t  to dearnination (Table 111). In sharp contrast to loss of potency with increasing 

size of the  halogen atom a t  C-2 of the purine ring, both 8-chlorrr and 8-homoadenosine appear to be more 
.. - 

cytotodc than the 8-fluoro compound. Even 8'-trifluoromethyladen0sine is more potent than 2%romoadenc- 

sine. Studies are in progress on the ielative rat- of phosphorylation of these compounds by adenosine kinase. 

Activity in  the 2'-deoxyribonucleoside series is clearly different in that the size of the substituent a t  C-2 is 

not nearly so critical to cytotoxicity and, in fact, Z-cNoro-2'-deo~adenosine is significantly. more potent than 

the 2-fluoro compound and the 2-homo compound only one order of magnitude l s s .  Even the 2- 
. . - ..-. 

trifluoromethyl compound has significant activity, in contrast to  the inactivity of thecorrsponding compound 

in the ribo serier. The opposite situation exists with substitution a t  C-8, since both the 8sNoro--and 8- 

bromw2'-deoxyadenosines are  wentially inactive. Isolated enzyme s t u d i ~ , ~ " ' ~  coupled with cytotoxicity 
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Table 11. Phosphorylation of the Haloadenine Nuclmsides 

Adenosine ~ i n a s e ~  

Compound Km Rel. Vmax 

Adenosine 0.4 100 

2-Fluoroadenosine 134 206 

2-Chloroadenosine 134 0.4 

2-Bromoadenosine N.D. ' ,~  

8-Bromoadenosine 11 31 

3'-Dmxyadenosine 254 138 

9-8-D-Xylafuranosyladenine 86 21 

2'-Deoxy-2-fluoroadenosine <0.05 

9-6-D-Arabinofuranosyl- 
2-fluomadenine <0.05 

Deoxycyt id ine Kinase b 

Compound Km Rel. Vmax 

2'-Deoxycytidine 3 50 

2'-Deoxyadenasine 600 100 

2'-Deoxy-2-fluoroadenosine 50 40 

2-Chloro-2'-deoxyadenosine 50 40 

2-Bromo-2'-deoxyadenosine 40 40 

9-6-D-Arabinafuranosyl- 
2-fluoroadenine 500 30 

8-Chloro-2'-dmxyadenosine N.D. d 

8-Bromo-2'-dmxyadenosine N.D. d 

a ~ r ~ m  rabbit  l iver,  Mi l ler  et  al., J. Biol. Chem.. 254, 2346 (1979) except where noted. b ~ r o m  
L1210 cells, Chang et-al . .  unpublished. =From H.Ep. 2 cells. Schnebli et  al.. J. Biol. Chem., 
242. 1997 (1967). d ~ o t  detectable. 

studies i n  kinase deficient cel l  ~ i n e s , ~ ' ~  have shown that the 2'deoxyribonucleffiides are phffiphorylated by 

deoxycytidine kinase and not by adenosine ldnsse. Furthermore, the cytotoxicity of  these compounds can be 

correlated with their rate of phmphorylation (Table II), but not with their rate of deamination (Table Ill). The 

arabinonucleosides, mimicldng the 2'-deoxyribonucleoside, are also phffiphorylated by deoxycytidine kinase 

but are significantly less cytotoxie; whereas the xylonucleffiides appear to  be phffiphorylated by adenosine 

kinase7 but are made less potent as cytotaxic agents. 3 

Table 111 . Kinetic Constants of  Haloadenine Nuclmsides 

as Substrates o f  Adenosine haminasea 

Adenosine 29 

2-Fluoroadenosine 81 

2-Chloraadenosine 110 

2-Bromoadenosine 63 

8-Fluaroadenosine 1.000 

8-Chloroadenosine 830 

8-Bromoadenosine 250 

a ~ i g m a ,  ca l f  intestinal. 

9-~-DArabinofuranosyl-2-fluoroadenine (2-fluaro-am-A) has received the mast attention of  the 

heloadenine nucleosides, became it was the first to be shown to  be curative i n  the L-1210 leukemia system. I n  



addition, i t s  maximum effectiveness can be demonstrated on a daily dme schedule, in conbast to the 

combination of 919-Darabinofuranosyl adenine and 2-deoxycoformycin, which must be administered every 

8 three hours for 8 courses on days 1, 5, and 9 in order t o  achieve m e s  (TableN). This latter schedule is also 

optimal for the 2'deoxy-2-haloadeno~ines.~~~ To date, these conynunds have shown no advantage over 2- 

fluoro-ars-A, although the 5'-0-nonanoate of 2sNoro2'-deoxyadencsine, a depot form, does show comparable 

activity on the daily schedule (Table V). 

Table w. Comparison of t h e  Response of 1-1210 Leukemia to  

Ara-A, the  2-Halo-ara-A's and Same Soluble Derivatives 

Dosage 
Agent (mg/kg ldosda  Optimal Schedule 4 m t ~ u r e s r ' c  

Ara-A.H 0 d 
2 240 q3hx8; Days 1, 5, 9 38 0119 

A ~ ~ - A + z ' - ~ c F ~  80 + 0.1 q3hx8; Days 1, 5, 9 152 4/20 

Ara-AMP+2'-dCF 125 + 0.1 q3hx8; Days 1, 5, 9 185 7/20 

2-F-ara-A 130 - 150 q d  1-9 125 4/15 

2-F-ara-AMP .2NHq 220 qd 1-9 137 3/10 

2-Ci-ara-A 
f 

100 q d  1-9 56 016 

2-Br-ara-A 100 q d  1-gg 18 016 

a ~ ~ 1 0  o r  MTD. b ~ e d i a n  % increase in lifespan of dying animals only. ' 6 0 - ~ a ~  

survivors are considered cures. d ~ r a - ~  or ara-AMP alone is inactive given qd 1-9. 

e 2 ' - d ~ ~  = 2'-deoxycoformycin (pentostatin).  This combination shows low activity given 

q d  1-9. Except where indicated, data from Brockman e t  al . ,  Cancer Res.,  40, 3610 - 
(1980). ' ~ a t a  supplied by Division of Cancer Treatment, NCI. schedule used. 

The decay of 2-fluoroara-ATP levels in L-1210 cells harvested from leukemic mice treated with 2- 

fluarc-am-A correlates well with the effectiveness of the daily schedule, but determinations of the levels of 

the 2'-deoxy2-halo ATP's have not yet been made. 2-Eluoroara-A has also shown good activity against the 

P388 leukemie in mice and against some solid tumon, leading to a Phase 1 clinical trial. Resporses in patients 

with adenocarcinome of the lung, coloreetal carcinoma, and head and neck cancer have been noted.1•‹ 

The 2-chloro derivative of ma-A has shown moderately good activity against the P388 and L-1210 

leukemias," whereas the 2-bromo-ars-A was inactive against leukemia L-1210 (Table N). The ribonucleosides 

and the xylonucleosides that have been evaluated showed little or no in vivo activity. 

5'-~eoxy-2-fluoro~dencsine~~ and 5'deoxy-5'-ethylthi(r2-fl~~r~adenmine13 were found to be quite toxic 

to H.Ep.4 cells in culture (Table Vf) but were inactive against L-1210 leukemia in mice, although they were 

tolerated a t  50-100 m g l k  daily, whereas the maximum tolerated dcse of 2-fluoroadenmine is 1 mglkg. These 



HETEROCYCLES. Vol 21 ,  Na. 1, 1984 

Table V. In  Vivo Activi ty of the 2-Halo-2'-dmxyadenosines 
VS. Leukemia L-1210 

Dosage 
(mglkg Cures/ 

Nucleoside /dosela scheduleb % ILS' Treated 

~p 

' ~ ~ / k g / d o s e  (at less than or  equal to the lethal dose for 10% o f  the 
animals (autopsied for cause of death)). bA = every three hours for 29  
hours on days 1, 5, and 9; B = daily, days 1-6; C = daily, days 1-9. 
'Median % increase in lifespan of dying animals only. 

compounds were also found to be inactive io H.Ep.4 cells deficient in adenine phosphoribosyltra~~fer~~e, 

suggesting that they were cleaved i n  H.Ep.-2 cells to 2-fluoroadenine which, in cells containing the 

trensferese, was converted to 2-fluorc-AMP (Chart 111). Indeed, L-1210 cells were Later found to be deficient 

in 5'-deoxy-5'-(methylthio)adenosine phosphory~ase ,~~ '~~  an enzyme which was shown to cleave the 5'-ethylthio 

Chart 111. 



compound (Table YE), and presumably the 5'-deoxy compound, t o  2-fluoroadenine. H.Ep.-2 and a number of 

other cell lines contain this enzyme and are quite sensitive to compound9 of this t y p J 6  In vivo evaluations of 

5'-deoxy-2-fluor08denosine are underway. 

Table VI. Cytotox ic i ty  o f  5'-Substituted-5'-Deoxy- 
2-Fluomadenosines 

IC-. IuM)  
3" 

H.Ep.-2 HCT-15 
Epidermoid Colon L-1210 CCRF-CEM 
Carcinoma Carcinoma ~ e u k e m i a ~  Leukemias 

B = 2-Fluoroaden-9-yl 

R - 
H 
I 

MeS 
EtS 

2-Fluoroadenine 

B = Aden-9-yl 

R - 
I 

EtS 

B = 4-Aminopyrazolo- 
13.4-dlpyrimidin-1-yl - 

m 

<0.3 .. )30 .. 
0.04 0.2 940 13 
0.4 .- ca. 120 34 
tl 0.4 .. >15 
0.02 0.7 .. 0.1 

,. - 
EtS 

4-Aminopyrarolo[3,4-dl 
pyr imidine 

Table V I I .  - Adenine + 

OH 

R ~ o p l o )  HO [OH), 

OH 

R Km I u M )  Rel. Vmax - 
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Another, more difficult, approach to the development of new anticancer agents is that of ab initio 

design. This appromh is difficult primarily because of the lack of an identifiable, exploitable biochemical 

difference between normal and malignant tumor cells be they of animal or human origin. At the same time, i t  

is clear that the anticancer agents with proven clinical utility, except perhaps for the hormones, interfere in 

one way or another with cell division, and since cancer cells mmt divide or eventually die, these drugs are 

eytotoldc agents with some degree of specificity for neoplastic cells. I t  would thus seem logical that the 

search for new lead compounds should focus on new structural types that will also interfere with one or 

another of the procE3es of cell division. The most approachable of these is the design of enzyme inhibitom. 

A t  lesst 85 enzymatic reactions are involved in the g nova synthesis of purine and pyrimidine nucleotides, in 

their interconversions, in their polymerization to nucleic aci&, and in  the sc-called salvage pathwap. 

Approximately 14  of these 85 enzymes are known to  be inhibited by metsbalite analogs or anabalites thereof, 

and these inhibitions are thought to be responsible for, or a t  least to contribute to, the anticancer activity of 

these compounds. 

Except for the early reactions of the bimynthetic pathway to uridylic acid, all of the enzymatic 

reactions leading to  nucleotides and involved in lheir polymerization take place a t  the nucleoside monw, di-, 

and triphosphate levels, and most of the mown inhibiton are in situ generated nucleoside rnonw, di-, and 

triphosphates, which are not themselves practical d r u e  because of their lability and inability to penetrate 

cells intact. Furthermore, resistance to the purine and pyrimidine antimetabolites that are administered as 

the free bases or nucleosides thereof normally results from the selection of a mutant cell population deficient 

in the enzymes that convert the analogs to the nucleoside mono phosphate^.^^ Attempts, so far largely 

unsuccessful, to circumvent this problem have until now consisted mostly of efforts to find, and attach to 

nucleasides, g r o u p  that might simulate the binding properties of the phosphate group and yet allow compounds 

containing them to enter cells intact1' or to prepare nucleotide derivatives that e m  enter cells and be cleaved 

intracellularly to  the active n u c l e o t i d e ~ . ~ ~ - ~ ~  There is another possible approach that attempts to turn this 

liability of the nucleotide analog approach into an m e t .  The mode of binding of nucleotides to certain 

enzymes is h o w n  precisely from X-ray data.Z2 This knowledge of the nature of the group in the enzyme 

active site that bind nucleotides and the precise position of these group relative to the phasphate moiety of 

the sutstrates allows the design of nuclwsids containing the proper kind of chemically reactive function 

pmperly positioned to react with the phosphate binding gmup and thereby inactivate the enzyme. The 

nucleosides selected for modification are ones where phosphate derivatives are !mown to  perticipate in the 

bimynthetic pathways to nucleic aci&. 

Activity h8s been observed with certain nitrmoureidonucieasi~s, halomethylketo nueleosides, and 

a-haloscyl nucleosides (Tables VIU and IX). The most setive compunds against the P388 leukemia in mice are 



Table VIII. 

a IC50 is the concentration that  inh ib i ts  the prol i ferat ion of cells to 50% o f  
untreated controls. increase i n  l i fespanldose i n  mg lkg lday .  q d  1-5. 

I = Inactive, toxic. L in  et  al, J. Med. Chem., 21, 130 (1978). 
Cures. 

Table Ix. 

P388 ( q d  1-5) 
% ILS/Dase (mg lkg )  

60/100 

34/50 

91200 

ND 

8/50 

17/50 

15/50 

571100 

441100 

51100 

21/50 

28/50 

'see footnotes t o  Table VIII. 

- 1 4 6 -  
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the 2-chloroethyl~bosoureidonucleosides, but the lack of activity of a corr~ponding methylnibmoureida- 

n u c l e o ~ i d e , ~ ~  and studies on the effects of other active methylnitrmoureidonucleosides on macromolecular 

synthesis in inhibited cells, indicates that all these compounds are acting like nitrosoureas that probably owe 

their activity to interaction with DNA rather than specific enzvme inhibitions. 

The halomethylketones have not shown significant in vivo activity, but the bromc-and iodoacetamido 

compounds have. A comparison of the effects of the 5'-bromoaeetamido derivatives of uridine, 2'- 

deoxyuridine, and thymidine in macromolecular synthesis in L-1210 cells in culture shows that the 2'- 

deoxyribunucleosides inhibit precumor incorporation whereas the uridine derivative does not (Table X). 

Table X. Effect of 5'-Bromoacetamido Derivatives of Pyrimidine Nucleosides 
on Macromolecular Synthesis in L-1210 Cells in Culture 

Precursor  

[ ~ ~ ~ ~ l d ~ h d  

[ 6 3 ~ l d ~ r d  

1 5 ~ H l d c y d  

1 5 ~ H l l J r d  

I ~ ~ H I C ~ ~  

[ 8 - 1 4 c 1 ~ d e  

[ 8 - 1 4 ~ 1 ~ y p  
3 (4.5- HlLeu 

Percent of control1 

Urd Derivative 2 dUrd tIerivative3 dThd Derivative 4 

DNA RNA Protein DNA RNA Protein DNA RNA Protein - 
97 87 22 

88 62 4 

92 119 107 

89 141 32 118 1 102 

105 107 45 109 15 91 

83 109 35 82 14 44 

103 127 50 109 11 65 

102 74 45 

lnhlbitors (25 UM] were added to  L-1210 cells in suspension culture prior to 
addition of radioactive substra te .  Samples were taken for analysis 1, 2, 4, and 6 
hours  af ter  addition of labeled substrate.  Data presented here  a r e  based on the  
4-hour s a m ~ l e .  2 SRI 6280. SRI 6218. SRI 6104. 

Furthermore, incorporation into DNA is primarily affected, and the thymidine derivative i s  clearly a better 

inhibitor than is the 2'deoxyuridine derivative. Inhibition of incorporation of purines into DNA indicates 

inhibition of the synthesis of DNA and not simply competition of inhibition with labeled precursor for entry 

into cells as muld be the case with Z'deoxyuridine or thymidine. The selective inhibition of incorporation of 

uridine and cytidine into DNA and the lack of inhibition of incorporation of 2'4eoxycytidine by the 2'- 

dwxyribonucleaside derivatives is of particular interest. A possible basis for such an effect would be the 

inhibition of ribunuclemide diphosphate reductase with pronounced suppression of the 2'deoxycytidine 

triphasphate pool, but with sufficient pools of the other 2'deoxyribcnucleotides to  permit some DNA 

synthesis. Lack of inhibition of the incorporation of 2'4eoxycytidine into DNA indicates that DNA polymerase 



is probably not inhibited. Further investigations of the effects of the SLbromoacetamido derivative of 

thymidine are  currently underway. 

In 1971, we reported the synthesis and biologic activity of 1- and 3-deammethotrexate (Chart IV).'~ 1- 

Deazmethotrexste had little effect on dihydrofolic reductase and was inactive against leukemia L-1210. In 

contrast, S-deammethotrexate was a potent inhibitor of dihydrofolate reductase and was about as active es 

methotrexete in the L-1210 leukemia system. These studies established the importance of N-l to the binding 

of methotrexate to dihydrofolate reductase and, consequently, to  its biologic activity. In addition, however, 

they led to a new type of anticancer agent. The intermediate 1- and 3-deaza-7,s-dihydropteridines (Chart N) 

prepared for  the synthesis of 1- end 3-deammethotrexate were examined for their cytotoxicity: The 3-&am 

compound showed no significant activity, but the 1-deam compound was quite eytotoldc and showed some 

activity against leukemia P388 in vim. Based on these results, s series of 1-deaza-7,s-dihydropteridines were 

prepared, and biologic studies have shown that these compounds inhibit the proliferation of L-1210 cells in 

culture a t  nenomolar concentrations, and possess si&ificant activity against leukemia P388 (Table XI), and 

against its methotrexateresistmt and vincristineresistant s ~ b l i n e s . ~ ~ ' ~ ~  These compounds cause the 

accumulation of cells at mitosis, both in vivo and in  v i t r ~ . ' ~  Several of t h e e  new agents may be superior to 

the standard clinical antimitotic agent vincristine in that they are more accessible synthetically, and based on 

results to date, i t  would appear that further improvement in activity is possible vie structural modification. 

Char t  N 

I-Deazamethatrexate ( X  = N .  Y = C H I  
3-Deazamethotrexate ( X  = C H .  Y = N )  

3-Deaza: X = C H ,  Y = N ,  R = C O M e  2 
1-Deaza: X = N,  Y = C H ,  R = COZMe 

X = N , Y = C H , R = H  

X = N .  Y = C H .  R = OMe 
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Preliminary experiments indicate tha t  the  deazadihydrapteridins bind to tubulin a t  the colchicine rather  than 

the  vincristine site(s)." This result is consistent with the potentiation of eytotoldcity t o  cultured cells 

treated with combinations of vineristine and a deazapteridine. In addition, synergism was otserved in vivo 

with m e t h o t r e ~ n t e . ~ ~  

T a b l e  XI. 

Mitotic Index 
b 6 

P388 Leukemia 110 Cells ,  ip )  

R 
IC50, "M= 12 h (uM) 24 h ( "M I  (mg/kg/dose) '  S c h e d u l e  

C02Me 58 0.61 10.3) 25 q d  1-9 30 

H 8.4 0.77 (0.03) 0.80 (0.3)  100 Day 1 114 

CI 15 0.71 (0.03) 100 Day 1 65 

OMe 7.9 0.64 (0.03) 25 Day 1 133 

- 

Vincr i s t ine  <1  0.62 (0.3)  2.7 Day 1 100 

0.33 qd 1-9 145 

a C ~ n c e n t r a t i o n  t h a t  inhibi ts  t h e  proliferation of  cultured L-1210 ce l l s  t o  50% of contrnl  
g rowth  in 48 h .  b ~ r a c t i o n  of  c u l t u r e d  L-1210 cells in mitosis. Clnjected ip.  
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