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At&raft-Some of the ph~~olog~c~ properties of a new class of compounds are described in which 
either a methyl- or a chioroethyl-nitrosourea fun~t~onali~ is attached to the 3’-position of 3’.deoxy~ymidine 
(ZMTNU and 3”-CTNU) or to the S-position of 5’-deoxyt~ymidi~e (S-MTNU and S-CTNU). The 
pharmacological effects of these tbymidine analogs vary considerably. The dose-response curves for the 
inhibition of leukemic I.. 12 IO cell growth by the S’-derivatives were similar to that for 1,3-bis(2-chloroethyl) 
I-nitrosourea (BCNU), being characterized by a shoulder region and a linear component. However, the 
corresponding curves for the 3’-derivatives were biphasic, being initially steep and linear followed by a 
shallow portion. Pyrimidine 2’-deoxyribonucleosides (thymidine, deoxyuridine or deoxycytidine), but not 
pyrimidine ribonucleosides or purine nucleosides, can specifically prevent and reverse the inhibition of cell 
growth caused by the 3’analogs. In contrast, the inhibition of cell replication induced by 5’.CTNU or BCNU 
was not decreased by the addition of thymidine, deoxyuridine or deoxycytidine. The protective effect was 
dependent on the relative concentrations of the protecting pyrimidine deoxyribonucleoside and the 3’” 
nitrosourea. Of particular importance is the finding that the addition ofdeoxy~~~dine to L 12 10 cells, treated 
previously for 24 hr with 3’CTNU substantially reversed the growth inhibition. suggesting that competition 
for cetlular transport is not the critical site of interaction and that alkylation may not be the primary mode of 
action. Soft agar cioning experiments revealed that deuxycytidine also protects t 12 10 cells from the lethal 
effects of 3’-CTNU. The protective interaction is not unique to L 12 IO cells since the growth inhibitory 
effects of 3’.CTNU on B 16 meianoma cells could also be reduced by deoxycyt~d~ne. Under physiological 
conditions, 3’-CTNU decomposes to generate alkylating and carbamoylating species. In addition, however, a 
stable cytotoxic compound, 3’-amino-3’-deoxythymidine. is also formed. This aminonucleoside is generated 
in sufficient quantities to contribute to the pharmacological actions of 3’-CTNU and may account for the 
specific protective interaction exerted by pyrimidine Zdeoxyribonucleosides. 

The carrier portions of nitrosoureas affect their physi- reduced in derivatives containing a gfucose carrier 
ca1 and chemical properties [ 1 I, and efforts to correlate [ 7.8 1. However, neither the alkylating nor the carba- 
some of these properties with biological activity have moylating activity of the nitrosoureas correlated with 
been made IZ-Si. Of particular interest is the finding myelosuppression i 3,41. Thus. appropriate structura1 
that bone marrow toxicity- a complication which limits modifications can favorably alter the pharmacologic& 
the dinical usefulness of most nitrosoureas f 61. is properties of even highly reactive drugs, 
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Fig. 1. Chemical structures of the new nucleoside nitrosourea analogs: 3’-CTNU = 3’.13-(2-chloroethyl)-J- 
nitrosoureidol-3’-deoxythymidine; 3’.MTNU = 3’.(3.methyl-3nitrosoureido)-3’-deoxythymidine; 5’- 
CTNU = 5’-13-(2-chloroethyl)nitrosoureidol-5’-deoxythymidine; and 5’-MTU = S-(3.methyl-3-nitrosour- 

eido)-5’.deoxythymidine. 
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We attempted to improve the ~ba~acoIog~ca1 prop- 
erties of the oitrosaureas by combining them with 
nucfeosides i 9 J. It was hqxd that such carriers would 
alter the metabolism or the uptake of the new agents, 
and that setectivity for cancer cells would be enhanced. 
Figure 1 shows the structures of the new compounds. 
These analogs possess methyl- or chloroethyl-nitrosou- 
rea groups at the 3’-position (3’~MTNU and 3’.CTNU) 
or the 5’.position (S-MTNU and 5’XTNU) of thymi- 
dine, These new nitrosoureas were found to be cyto- 
toxic, and to display the alkylating and ~arbamoylating 
activities that are characteristic of other nitrosoureas 
i 9 1. We now report that the 3’-derivatives ofthis series 
are unusual in that their cytotoxicity can be prevented 
or reversed by pyramiding ~-deoxyribonncleos~des 
(dThd. dCyd_ dUrd& 

MATERfAtS AND METHODS 

Chemicals. The syntheses of the nucleoside nitroso- 
ureas were done as described previously [ 91. Dr. Harry 
B. Woad, Jr., Chief, Drug Synthesis and Chemistry 
Branch, Division of Cancer Treatment of the National 
Cancer Institute, kindly provided the I,3-bis-(Zchloro- 
ethyI)- I-nitrosourea (BCNU)uscd in these studies. The 
synthesis of ~-~ino~yrn~di~e has been reported pre- 
viously [ IOk The nucleosides were obtained from the 
Sigma Chemical Co., St. Louis, MO, 

Cc&. Murine Ieukemia F, I2 10 cells were grown in 
Fischer‘s medium supplemented with 10% horse 
serum. 100 unitsiml of pen~c~l~i~~ and I~~~~rnl of 
streptomycin (Grand Island Biolctgical Co., Grand Is- 
land, NY) at 37O in a humidified 5% carbon dioxide 
atmosphere as suspension cultures. Asynchronous ex- 
ponentially growing cells were used in all growth exper- 
iments. Cells were suspended at a density of 1 to 
1.2 x lo4 cells/ml in 15 ml culture tubes and were 
counted at various times later with a modei ZBI Coulter 
counter (Conher Electronics, Hialeah. FL). 

Within a 30-min period, the ~i~oso~reas were dis- 
solved in 0. I ml d~me~ylsulfoxide (DMSO). diluted 
with an appropriate volume of phosphate-belters sa- 
line (PBS), pH 7.4, sterilized by membrane fihration 
f0,45,&&, Mihipore Corp., Bedford. MAX and then 
added to the cultures. Data from most of the growth 
inhibition studies are expressed as the per cent of 
control (vehicie only) cell number, 72 hr after drug 
addition. The untreated cells grew exponentially 
throughout each experiment and had a population dou- 
bling time of about 13 hr. Each experimental point was 
done in duplicate or triplicate, and is the average value 
of two or three separate experiments. 

13 16 melanoma cells [obtained from Dr. John tazof 
were grown as monolayers in Dulbecco’s modified 
minimal essential medium supplemented with 10% 
fetd calf serum (Grand Island Biological Co.). It-t 
growth experiments. approx~matel~ 5 >I: 10’ cells per 
well were plated in six well tissue culture dishes fCos- 
tar, Cambridge, MA). The test compounds were added 
24 hr later and the incubation was continued for 3 days, 
At daily intervals the cells were detached from the 
plates in PBS containing 2 mM EDTA and then 
counted. Control cells grew exponentially between 24 
and 72 hr. with a population doubling time of I7 hr. 

L, I2 10 cell viability was assessed using the soft agar 
cloning procedure of Chu and Fischer f I If. In these 

experiments the test com~unds were added to expo- 
nentially growing L 12 10 cells (4 x 10’ cells/ml ). After 
48 hr of incubation ibe celfs were centrifuged, washed 
in fresh medium. diluted a~~ro~rjate~y. and then sus- 
pended in Fischer’s medium containing 0.12% agar and 
15% horse serum, The number of colonies formed was 
determined after 14 days of incubation at 37O in a 
humidified 5% CO, atmosphere. 

High pr.cmure liquid chromatograph~~ (h.p.l.c.). The 
formation of 3’“~minothymidine from 3’-CTNU was 
quantified by h.p.l.c, (column: ANC cation exchange: 
buffer: 0.3 M NH&IO,, 0.1 M citric acid. pH 2.2;Row 
rate: 1 ml~rnin~ temperature: 5S0). Under these candi- 
tions, authentic ~-aminothymidine I IO] had a retention 
time of 48 min. 3*CTNU (2 mg/Q. I ml of DMSO) was 
diluted forty times with Fischer’s medium, maintained 
at 37” and, at various time intervals, samples of the 
mixture were analyzed by h.p.Lc. The amount of 3’- 
arninotb~~mi~~~E formed was estimated by weighing the 
paper obtained from the spectral tracings generated by 
the u-v. (267 nm) detector. 

RESULTS 

r~~~~~~~o~ &ccII grorvi2r. The effects of the various 
nucteoside nitrosaureas and BCNU on the replication 
of I.. 12 10 cells are shown in Fig. 2. The dose-response 
curves for S-CTNU and BCNU are typical for nitro- 
soureas t 121 and are characterized by a shoulder re- 
gion. 5’-MTNU was much less potent, ~nh~b~t~n~ 
growth by 50 per cent at about 100 $2. Xn contrast. the 

r&s. t 12 10 cells were exposed ;o the iidicated concentra- 
tions of either J’-CTNU (*i. 3’-MTNU (0). 5’-CTNCI (.%I. 
S-MTNU (A), or BCNG ( ). The cult& were incubated 
For 72 hr and the number of cells was determined. In a &en 
experiment, each point was done in triplicate and each curve is 
compiled from at least three separate experiments. The data 
are expressed as the per cent of the cell number produced in 

the absence of drug. 
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dose-response curves of 3’-CTNU and 3’-MTNU are 
initially steep and linear, but become quite shallow at 
higher drug concentrations. These results suggest the 
presence of cell populations with different sensitivities 
to the 3’-derivatives and/or the possibility that the 
pharmacology of these compounds is different from 
that of other nitrosoureas. 

Effects of ~ucle~si~es. The effects of various nucleo- 
sides on the cytotoxicity of the new nitrosoureas, which 
are analogs of thymidine, were investigated and a dis- 
tinct pattern of interaction emerged. First, pyrimidine 
deoxyribonucleosides (dThd, dUrd. dCyd), but not 
pyrimidine ribonucleosides (Urd, Cyd) or purine nu- 
cleosides (Ado, dAdo. Guo, dGuo), were capable of 
protecting L 12 10 cells against the inhibition of growth 
caused by both of the 3’.derivatives (Fig. 3: 3’-MTNU, 
5 PM; and Fig. 4: 3’-CTNU, 5 PM). Good protection 
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Fig. 3. Effects of nucleosides on the inhibition of L 12 10 cell 
growth caused by 3’-MTNU. Ll210 cells were exposed to 
5 #M 3’-MTNU (0) and 25 FM of either (a) dThd (A), d&d 
(O), or dCyd #), or (b) dAdo (a) or Cyd (0). The cultures 
were incubated for 72 hr and cell numbers were determined. 
The data, expressed as the per cent of control cell number, 
represent the average of at least two experiments, each done in 

was exerted by each of the three pyrimidine deoxyri- 
bonucleosides (25 yM). Representative examples of the 
ineffective nucleosides are presented in figs. 3 and 4; 
however, for each derivative all of the previously men- 
tioned nucleosides were tested at a concentration of 
25 @M. Thus, the protective effect is specific for pyrimi- 
dine deoxyribonucleosides. Second, the protective ef- 
fect is also specific for the type of nucleoside nitrosou- 
rea. As shown in Fig. 5, the addition of pyrimidine 
deoxyribonucleosides did not reduce the cytotoxicity of 
either BCNU or 5’-CTNU. The importance of both the 
nature of the carrier and the position of attachment of 
the nitrosour~ function~ity is clearly illustrated. 

The degree of protection conferred by the pyrimidine 
deoxyribonucleoside is dependent on the concentration 
of the added nucleoside. This relationship is shown in 
Fig. 6. Virtually complete protection was achieved 
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Fig. 4. Effects of nucleosides on the inhibition of L 12 10 cell 
growth caused by 3’XTNU. L 1210 cells were exposed to 
5 FM 3’-CTNU (0) and 25 pM of either (a) dThd (Q), dUrd 
(0). M: dCyd @), or (b) dAdo (A), Guo (0), or dGuo d). 
The experimental conditions and the expression of data are 

the same as those described in the legend of Fig. 3. 

-I . = 5’-CTNU 

Ar+dThd 

o=+dUrd 

o- 
0 2 3 0 2 3 

Days 

Fig. 5. Effects of nucleosides on the inhibition of L 12 10 cell 
growth caused by BCNU and 5’-CTNU. L 1210 cells were 
exposed to (a) BCNU (8 PM) or (b) S-CTNU (10 pM) and 
either dThd (A), dUrd (O), or dCyd (=I. The experimental 
conditions and the expression of data are the same as those 

described in the legend of Fig. 3. 
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Fig. 6. Pyrimidine deoxyribonucieoside protection of 3’. 
GNU-indu~d growth i~ibition of L 12 10 cells. L 12 10 
cells were treated with 5 pM 3’.MTNU and the indicated 
concentration of either dThd (K). dUrd (O), or dCyd (8). 
The experimental conditions and the expression of data are 

the same as those described in the legend of Fig. 3. 
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Fig. 7. Effect of dCyd (0 I on the inhibition of cell growth 
caused by 3’CTNU (e). In this experiment. 50pM dCyd 
and the indicated concentration of 3’.CTNU were added to 
L 12 10 cells with each point done in triplicate. Cell numbers 
were determined 72 hr later and the results are expressed as 

the per cent inhibition of control cell growth. 

when dCyd ( 100 PM) was added to cells treated with 
3’.MTNU (5 HIM). Protection by dThd and dUrd was 
d~s~-d~~~d~n~ at the fewer concentrations; however, 
the growth ~n~i~~t~r~ effects of these commands lim- 
ited their usef’ufness at the higher doses. The addition of 
dCyd (SO PM) to L 1210 ceils exposed to varying 
concentrations of 3’-CTNU resulted in a shift of the 
dose-response curve to the right (Fig. 7). The results 
demonstrate a consistent protective effect over a wide 
range of 3’XTNU concentrations. 

Reversal ofgrowth inhibition. The cytotoxic effects 
of 3’XTNU can be reversed as well as protected by 
dCyd. Figure 8 illustrates the effects caused by adding 

Fig. 8. Reversal of 3’CTNU ( 10 rM) inhibition 01 L 12 10 
cell growth by dCyd (50 PM). Exponentially growing cells 
were treated at 0 hr with PBS (0). 50 MM dCyd (0 ), 10 PM 
IJ’CTNU alone (m). or in combination with 5OpM dCyd 
added at 0 hr (c ), 6 hr (A). or 24 hr (A). Cells were counted 

after 24, 48 and 72 hr of incubation. 

Table I. Effects of deoxycytidine on the cytotoxicity of 3 
CTNU” 

---- ---_. .- -..-_---... 
t t 2 10 cell viability B 16 cell growth 

Condition (cloning ethciency ) (per cent of growth) 
l-l”-.-.“... -.-___ _~ __.. ll__l_ 

Control 80 ~- 3 
Deoxycytidine 
(100 IlM) 86~ II 98 4, 2 
3’CTNU 
(IO/tM) < I 53 5 2.6 
3’CTNU + 
deoxycytidine 21 c_ 9.6 76 ?: 3.5 

* L1210 cells were exposed to 3’CTNU (IO&(M) for 
48 hr in the presence or absence of deoxycytidine ( 100 &Q_ 
The viability of the cells was then determined using soft agar 
cloning. as described in materials and Methods. The number 
of b 16 cetls present after exposure to 3’CTNU ( 10 jM) in 
the presence or absence of deoxycytidine ( 100 FM) for 72 hr 
was determined. as described in Materials and Methods. The 
control cells grew exponentially during this time period, with 
a population doubling time of 17 hr. The data are expressed as 
the means -1. S.D. of three separate experiments. 

dCyd (50,&Q at different times following the treat- 
ment of LIZ10 cells with SCTNU ( 10 {{M). Substan- 
tial reversal of the growth inhibitory effects of 3’- 
CTNU was evident even when dCyd was added 24 hr 
after the nitrosourea. 

L 12 10 cell vi~~~~~~~. The effects of _7 -CT% U alone 
and in combination with dCyd on the viability of 
L t 2 10 cells were assessed. utilizing a soft agar cloning 
technique [ 111. As shown in Table I, less than 1 per 
cent of the L 12 10 cells survived exposure to IQ &f 3’. 
CTNU for 48 hr. However. the additional presence of 
100 PM dCyd conferred significant protection. as indi- 
cated by a 20-fold increase in the surviving fraction. 
Deoxycytidine alone did not alter the cloning efficiency 
of the cells. 

Gro~rh ofB 16 melanoma reifs. 3’-CTNU inhibited 
the replication of 3 16 celfs (EDGE - lOpM), although to 
a lesser extent than L 12 10 cells {ED,, < 0.5 PM). Pro- 
tection with dCyd was also demonstrated (Table I ). 3’- 
CTNW inhibited 3 16 ceil growth by 47 per cent at 
IOpM. but by 24 per cent if IOOpM dCyd was also 
present. 

Formation of 3’-aminothymidine. We have shown 
that the new nucleoside nitrosoureas possess alkylating 
and carbamoylating activities 191. It is possible that the 

Table 2. Formation of 3’-aminothymidinc from 3 CTNU * 
___-.. _-__. -- -~ ._. -ll^l ..__ ..-- 
Time Formation of 3’.~inothymid~ne 
(hrf (per cent of 3’CTNU present at 0 hr ) 
~..~ _--. ..I._ ----. “.. 

0 1.2 
1 10.5 
2 13.7 
3 18.8 
5 21.2 

23 22.9 
96 20.4 

----- 
* 3’CTNU was incubated in Fischer’s media at 37” and. 

at the indicated times. samples were analyzed for the presence 
of 3’aminothymidine using h.p.1.c.. as described in Materials 
and Methads, 
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Fig. Y. Effect of incubating BCNU and 3’-CTNU at 37” on 
the inhibition of LIZ10 cell growth. Solutions of BCNW 
(W5 mM) or 3’-CTNU it.25 mM) in Fischer’s medium 
were incubated at 37’ in a 5% Co, atmosphere. At the 
indicated times, samples were removed and added to cultures 
of L I2 10 cells such that the final ~ncent~tions were t S FM 
for BCNU CD\ and 25 uM for 3’-CTNU al. PBS (01 was , . 
added tn the control cells. The cultures were incrthated for 

72 hr and then cell numbers were det~rn~~d. 

isocyauates thus Formed could react with water to 
generate aminonucfeosides. Since we have found that 
one such compound. ~-aminothymidine, is a potent 
cytotoxic agent (10, 13 1, an &Tort was made to deter- 
mine whether it is formed during the decomposition of 
3’“CTNU. The nitrosourea was incubated in Fischer’s 
medium at 37O and then analyzed by h.p.1.c. for the 
presence of ~-~inothym~d~e. The data in Table 2 
indicate that approximateIy 20 per cent of the 3’- 
CTNIJ was converted to ~-~i~othymidine and that 
the reaction was complete by 5 hr. 

To determine if the formation of ~-amino~ymidine 
could account for some of the toxicity of 3’-CTNU, the 
nitrosourea was incubated in Fischer’s medium at 3’Y 
for various lengths of time before assessing its efTects on 
L 12 10 cell growth. 3CNU was included as a positive 
control. The results in Fig. 9 clearly show that the 
cytotoxicity of BCNU rapidly decreased, whereas even 
after incubating 3’-CTNU for 24 hr marked inhibition 
of L 12 10 ceil replication was evident. 

DISCUSSION 

A hilly selective interaction between a new class of 
nitrosoureas and certain nucleosides is documented by 
the data presented, Pyrimidine ~-deox~ri~nucleo~ 
sides, but not other nucleosides, can protect it reverse 
the inhibition of L 1210 ceft growth caused by the 3’- 
nitrosourea derivatives of thymidine, but not that 
caused by the S-analogs. These findings emphasize the 
importance of the group to which the nitrosourea func- 
tionality is attached. The ph~macoIogy of these nitro- 
soureas is changed by the nature of the carrier. a 
nucfeoside, and its position of attachment, the 3’- versus 
the 5”position. The influence ofa glucose carrier on the 

properties of n~t~~soureas has been well d~umented by 
Schein et al. [3,4, Sl. This structural m~ification 
results in reduced bone marrow toxicity in mice and 
humans f 141, and this adv~tageous property is present 
whether the cyrotoxic group is attached to the C-l or 
the C-2 of glucose 1 IS]. IIowever, this change may 
introduce a new toxicity. diabetes, as in the case of 
s~eptozot~c~~ [ 16 1. The diabeto~enic effect can be 
specifically modified by the administration of nicotina- 
mide i t 71, and an enhancement of the antitumor activ- 
ity of streptozotocin has been achieved by pretreatment 
with 3-O-methyI-r@ucose and nicotinamide [ 181. 
These results indicate that interactions between nitco- 
soureas and certain tissues can be dependent on the 
nature of the carrier moiety. 

The mechanism by which pyrimid~ne Z’deoxyribo- 
nucleosides exert the protective effect shown in this 
study appears to be related to the formation of 3’- 
aminoth~m~diue. Several iines of evidence suggest this. 
The data presented in Fig. 9 indicate that either 3’- 
CTNU is a stable, cytotoxic compound or that it 
decomposes to form such a species. An irnp~~~t 
characteristic of nitrosoureas is their chemical instabit- 
ity. They decompose under physiological conditions to 
yield carbonium ions and isocyanates i 191, two reac- 
tive species which possess aIkylating and carbamoyiat- 
ing activities f 201 respectively. The fact that 3’“CTNU 
shares these properties [ 9 1 suggests the generation of a 
new compound. In addition. by using h.p.1.c. we have 
found that 3’-aminoth~mid~ne is formed during the 
incubation of 3’“CTNU at 3 7” (Table 2). In this regard, 
the hydrolysis of organic isocyanates to yield the corre- 
sponding carbamic acid and theamino derivative is wefi 
known f 2 t 1. We have reported that 3’.aminoth~mi~~ue 
is a potent inhibitor of L I2 10 cell replication and that 
pyrimidine ~~deoxyribonucleosides can prevent its cy- 
totoxicity ! 10, f 3 1. Importantly. the specificity for that 
interaction is the same as that described for the pretec- 
tion of the cytotoxicity induced by 3’-CTNU (Fig. 4). 
The amount of 3~“aminothym~dine formed during the 
decomposition of 3’-CTNU (about 20 per cent conver- 
sion, Table 2) is sufficient to contribute significantly to 
the ph~macol#~y of the parent nitrosourea. For exam- 
ple, the replication of L 12 10 cells is inhibited by 93 per 
cent in the presence of 25 PM 3’-CTNU and. under 
these conditions, approximately 5 FM 3’-aminothymi- 
dine would be expected to be formed, a concentration 
which reduces L 12 10 ceil growth by 85 per cent [ 13 j, 

In contrast, 5’~aminothym~d~ne does not iu~i~it 
L1210 cell replication { 101 and, therefore. its forma- 
tion would not be expected to contribute to the toxicity 
of the S’nucleoside nitrosoureas. Thus, it is not surpris- 
ing that pyrimidine ~-deoxyri~nucleos~des do not 
prevent the toxicity of 5’-CTNU (Fig. 5) and that the 
dose-response curve for cell growth inhibition is simi- 
lar to that of BCNU and not that of 3’-CTNU (Fig. I>. 

Interference by pyrimidine deoxyribonucl~sides 
with the cellular transport of the nucieoside nitrosou- 
reas or their br~~do~~ products does not seem to be af 
major importance since reversal of cytotoxicity can be 
achieved as much as 24 hr after J’-CTNU addition 
(Fig. 9). Nuc~~oside transport appears to be mediated 
by a common carrier I221 and thus it would not account 
for the selectivity of the protective effect. The reversibil- 
ity atso suggests that alkylation may not be the primary 
mode of action ofthe 3’-nucleoside nitrosoureas. Now- 
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ever, 3’-CTNU does have twice the alkylating activity 6. V. T. DeVita. P. P. Carbone. A. H. Owens. Jr.. Ci. L. 
of BCNU [ 9 1, and the contribution of this effect to the Gold. M. J. Krant and J. Edmonson. Cnncer Res. 25. I87 

(196%. pharmacology of 3’-CTNU, particularly at higher 
doses, needs to be assessed. 

vived exposure to 3’~CTNU ifdCyd was also present. It 
will be of considerable interest to determine the re- 

The results of the cloning experiments and growth 
inhibition studies are in agreement and indicate that 
dCyd can protect L 12 10 cells from the lethal toxicity of 

sponse, in viva, of both normal and cancerous mouse 

3’.CTNU. More than twenty times as many cells sur- 

tissues to the effects of 3’XTNU alone and in combina- 
tion with pyrimidine ~-deoxyribonucieosides. 

7. P. S. Schein, M. J. O’Connell. J. Biom. S. Hubbard. 1. T. 
Magrath. P. Bergevin. P. Ii. Wiernik. J. L. Ziegler and V. 
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Cancer Res. 35. 16 1 ( 1975 ). 

med. Chmz. 21. I 30 (1978). 
IO. T. S. Lin and W. H. Prusoff. J. med. Chem. 21. 109 
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11. M. Y. Chu and G. A. Fischer. Biochem. Pharmac. 17. 
7.53 (19681. 

12. B. Drewinko, T. L. Loo and J. A. Gottlieb. Cancer Res. 

Acknali./edgeme~zts-This investigation was supported by the 
United States Public Health Service Grant CA-05262 from 
the National Cancer Institute and Grant CH-I 15 from the 
American Cancer Society. P.H.F. is supported by a Public 
Health Service Postdoctoral Fellowship CA-05604 from the 
National Cancer Institute and T.S.L. is supported. in part. by 
a grant from the Bristol-Meyers Co. The authors wish to 
thank Ms. J. J. Lee for her expert technical assistance and Ms. 
Paula Sullivan for her secrct:trial assistance. 

REFERENCES 

1. G. P. Wheeler. B. J. Bowdon. J. A. Grimsley and H. H. 
Lloyd. Cancer Res. 34. 194 (19743. 

2. C. Hansch, N. Smith. R. Engle and H. Wood, Cancer 
C~emof~er. Rep. 56(part I), 443 11972). 

3. L. C. Panasci. D. Green. R. Nagourney. P. Fox and P. S. 
Schein. Carzcer tpes. 37. 26 15 f 1977). 

4. L. C. Panasci. P. A. Fox and P. S. Schein. Cancer Res. 
37. 3321 (1972). 

5. J. A. Montgomery. Cancer Treat. Rep. 60. 65 I ( 1976). 

13. 

14. 

15. 

16. 

17. 

18. 

36. 5 t 1 (19763. 
P. H. Fischer. T. S. Lin and W. H. Prusoff. Biochern. 
Pharmac., 28. 99 1 (19791. 
P. S. Schein. J. M. Bull. D. Doukas and D. Hoth. Carrcer 
Res. 38. 257 (1978). 
P. A. Fox, L. C. Panasci and P. S. Schein. Cancer Res. 
37.783 (1977). 
N. R&&an. M. I,. Rochietan and M. V. Nadkarni. 
Cancer Chemother. Rep. 29. 9 I ( 1963 J. 
P. Schein, D. A. Cooney and M. L. Vernon. Cancer Res. 
27, 2324 (1967). 
M. M. Wick. A. Rossini and D. Glpnn. Cancer Res., 37. 
3901 (1977). 

19. J. A. Montgomery. R. James. G. S. McCaleb and T. P. 
Johnston, J. med. Chef%. 10. 668 (1967). 

20. C. J. Cheng. S. Fujimura. D. Grunberger and I. B. 
Weinstein. Cancer Rex 32. 22 (1972). 

21. J. H. Saunders and R. J. Slocombe. Chem. Rev. 43, 203 
(1948). 

22. P. G. W. Plagemann. R. Marz and J. Erbe. J. cell. Ph.vsiol. 
89, I (1976). 


