
Effects of Uracil Derivatives on Phosphorylation

.111. P/ar,naeol. 4, 96-103 (1968)
91

of Arabinosylcytosine

0. B. GRINDEY,1 L. D. SASLAW, AND V. S. WARAVDEKAR

Microbiological Associates, Inc., Bet hcsda, Maryland 2001G

(Received July 24, 1967)

SUM MARY

The probable nmmechaimismn urmuderlying time effect of urnidinme in potemmtiating the bio-
logical activity of an armtilcukemic agenut, arabinmosylcytosine, is described. Only un-

dimme, anmmonng otimen’ nuncheosides, was capable of increasinug the radioactivity in spleen
after’ concunrrenmt adminuistn’ation with ara-C-3H. Uridline did hot augment time radioac-
tivity mm spleenm wimen given in cormjunnction witim othmen’ labeled nucleosides. Enzymatic
studies with a dialyzed sphenic surpernmatanmt I m’onmmBDF1 mmmice bearinmg advanced Leu-
kemia LI 210 disc losed that ara-C-3I-T was imhmosphnon’ylatcd witim uridinme 5’-tn’ipimosphate
at twice time irmitial rate as commupared to adenmosine 5’-tniphosphmate at equinolar concen-
tn’ations. Time prescnnce of an enzynimatic systennm mm spleenm was indicated with wimichu un-

dinme 5’-tn’ipimosphate is time active pimospimate dormor. This system is capable of phos-

�ilmor’ylating deoxycytidinme, but niot cytidinme. Tine effects of uridinme on time biological
activity of ara-C an’e thus considered a consequrence of increased phmosphoryiation of
ama-C mm tine pr’esence of inridine 5’-tiipimospimate.

A

INTRODUCTION

Previous sturdies (1, 2) inave sinowim tinat

Urd,2 administered! in conjunction with a

I Present adl(lress : Departimnent of Experimental

Timerapeutics, Roswell Park Memorial Institute,

666 Elm Street, Buffalo, New York 14203.

2 Tine following abbreviatioims lmave been used!

Urd, urn line ara-C, 1-f3-D-amal)inofunanoSylcyta-

sine; dTh1, t hnynmidine; ana-U. 1-�-n-arabino-

fumanosvhnraeil P1I� nhosnhoenolnyninvate ; Cyd,

cytidine; dCyd, deoxycytidnne; ATP, adenosine

5’-triphosphate, disodlmmnnmn salt ; UTP, uridine 5’-

tripimosphate; dUrd, deoxvurmdmne; ara-CMP, 1-

/3-D-arabmnoflnranosvlcvtosinme 5’-monopinosphate;

ara-CDP, 1-/3-D-arabinofuranosvlcvtosine 5’-di-

phosphate ; ara-CTP, 1-13-n-arahinmoftrranosylcyto-

sine 5’-tmiphiosphiate ; Ado, adeimosine ; Guo, guano-

sine, dGuo, deoxyguanosine; U, uracil; dAdo,

deoxyadenosmne; UI)PG, uricline dmplmosplmoglu-

cose; dUMP, dleoxyuridlylic acid!; UMP, uridylic

acidl; UDP, uridine 5’-dhphmospinate ; TTP, timynmi-

(line 5’-triphosphate; GTP, guanosine 5’-triphos-

pinate; ITP, inosine 5’-triphnosphate; CTP, cyti-

dine 5’-triplmosplmate; dATP, dleoxyadenosine 5’-

tripinospimate; dCTP, deoxyeytidirme 5’-triphos-

pimate; dUTP, deoxyuridmne 5’-triplmosplmate; CDP,

cytidine 5’-diphosplmate.

suni)optirnal (lose of ar’a-C, resulted in pro-

longed sun’vivah of BDF1 mice beaninmg
Leukemia L1210 in comparison with adh-

rmuinistration of time sunboptimal dose of
ara-C alone. No potenmtiation occurred!

when Urd was replaced by dThd, ara-U,
or several otimer ur’acil metabohites. In not-
nmual BDF1 mice, inclusion of Urd with am

optimal dose of ara-C in the daily regimen
n’esulted in toxicity (2). Urd also enhanced

tine toxicity of a toxic dose of ara-C. In
rmon’nmmal mice, an increase of 117% mm

radioactivity of spleen was observed 60
mm after concurrent administration of
TJn’dl and! ara-C-3H as compared with ama-

C-3H alone (2). Lesser increases were also

observed in marn’ow, and to a slight degree
in thmymus, but not in blood, liver, kidney,
or bn’ain.

Studies of otimer investigators, on immten-

actions of ama-C \vitim time metabolism of

un’acil derivatives, do not provide evidence
for a distinct role for Un’d in sparing either

time antileunkemic action or toxicity of

ara-C. Winile Urd, ara-U, and dThd eacin
inhibited deanuinatiorm of ara-C mu a cul-
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ture of carcinoma cells contaminated witim
mycophasrumata (3) , the latter two coin-

pounds failed to spare time antileukenmic
activity of ama-C (2) . Furthuemnumore,

chronunatographic fractiommation of spheens

following administration of ara-C and Urd
indicated that repression, or inhibition, of

deamination was unlikely as time rumajor
mecimanism by whichu [rd exen’ted a sparing

p action on utilization of ara-C in mice. No

distinct variations in time patterns of pulse
labeling �vitiu kidney amid 1)lood w’en’e nuoted
with time use of botim regirmuens whicim nmighmt

imave conceivably indicated! relative differ-

ences in time degr’ee of dearuminatiomu.
NIor’e n’ecenthy, Yunsimok (4) n’epor’ted thuat

Urd promoted piuospiuorylation of inexoses

and decreased respiration in ascites cells.
The significance of pimosplnom’yiationu of

ama-C for tiuer’apeutic activity w’as sug-
gested by Cinu and Fiscimer’ (5) , wimo oh-
served a nmman’kedly decr’eased conmven’sionuof

ara-C to time con’responding 5’-pimosphate
esters mu a subhinme of L5178Y cells re-

sistant to ara-C.
These consider’ationms led us to study re-

lationshuips between urracil derivatives and

phuospimorylation of ama-C.

MATERIALS AND METHODS

1 -�-D-Arabimmofurn’ahuosylcytosinme hmydm’o-

chloride and ara-U wer’e provided by time

Cancer Cimenmotimerapy Nat ionmal Service

Center’. Nucleosides, and! rnrcleotides as
sodiummi salts, were pur’chmased fm’onumP-L

Biochmenmicals, Inc. ATP, PEP, armd Tnis
buffer were purrciuased fr’onmu Sigrmua Cimenumi-
cal Co. Ara-C-3H amid Cyd-3H were pur-

chased from Schnwarz BioResean’cim True, and

dCyd-3H was punrcimased! fr’onm New Eng-

land Nuclear Con’!). Time AG 50W-X8 (Cl-,

200-400 mesim) and AG 1-X8 (Ci, 200-

400 mesim) resins were purcimased fn’om Bio-

Rad laboraton’ies. Chromatograpim ic col-

unnns were rmmomnitored at 280 mn� with a
Gilson Medical Electronics absorption
meter. All inmorganic clnenuicals w’ere pun-

chased fronmu J. T. Baker Chermmical Co. All
chmemicals used for deternumination of radio-

activity were purcimased fn’onmu Packard 1mm-

strunmuemut Co., Inc. except for dioxane,
which was purchased from Fisher Scientific

Co.

Male BDF1 mice (19-25 g) obtained

bothu from Laboratory Supply Co. and from

time colony at Microbiological Associates,
Inc., were nmaintained on Purina Labora-

tory Chow and water ad libitum. For the
study on the effect of Urd on localization
of labeled nucleosides (20 mg/kg of body
weighut) in spleen, an aqueous solution con-

taming either 2 �C of the 14C-labeled
nucheoside or 5 j.tC of the 3H-labeled
nuncleoside was injected subcutaneously in

thme nighmt scapuniar region in normal male
BDF1 mmmice. A second! group of mice was

simnmilan’ly injected! except that Urd (480
rmmg/kg) was adniministened subcutaneously
mu time heft scapurlar region immediately be-

fore injection of labeled nucleoside. Mice
were sacn’ificed by cervical dislocation after’
45 mmuin, at whicim time maximal localiza-

tion of ara-C occurs (2) . Spleens were

processed for (letermination of radioac-
tivity l)y tine mmmetimod described previously
(2).

1mm time studly onm the effects of various
nmucleosides amid! nuucleotides on the hocahiza-

tion of am’a-C-mH in spleen, equimolar con-

cenutrations of nucheosides and nucleotides
conuparable to Urd (480 ring/kg) were in-

jected as described above. After 45 mm,
non’numal mimice wer’e sacrificed by cervical

dislocationu arid radioactivity was deter-
miminned in spleen. Iru time study on the beau-

zatiomu of ara-C-3H witim increasing
splennormmegaly, BDF1 mnmice bearing either

Leumkenmia L1210 or a resistant subhine
(AW-75) of Leukenmuia L1210 (6) were

ursed. For sturdyinmg Leukemia L1210, each
nimouse was immocu!ated subcutaneously mm

time m’ighmt irmguimial n’egion with 6.2 million

spiemnic cells obtained fn’ormm I)BA/2 mice 7
days after inocurlation witim Leukenumia
L1210. Time m’esistanut sunblinme (AW-75) was
oi)tained fr’orn CDBA nmnice 7 days after

inuocumlation withn time A\V-75 subhine and

each nmouse was inmocunlated surbcutaneously
withu 5.7 mumillioncells in the right inguinal
region. Eachu subsequent day, three mice
I m’om eachu leukenumic group were injected

subcutaneously in time rigimt scapular region

withm ara-C (20 mg/kg) conmtaining 5 p.C
of an’a-C-3H. After 45 nun, time nuuice were

sacr’ificed by cervical dislocation and radio-
activity in spleen was determined.
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Phosphorylation of ara-C-3H in vitro

was studied using the supernatant (2000 g

for 10 mm) of a 30% homogenate (0.25 M

sucrose, Potter-Elvehjem homogenizer with
Teflon pestle) of pooled spleens from BDF1
mice bearing advanced (7 days) Leukemia
L1210. Incubation mixtures (1.5 mi, pH

6.4) contained: ATP, 2.25 p.moles; PEP,
11.25 p.mohes; NaF, 15 p.moles; MgCi2, 3.5
p.moles; ara-C-3H (2 p.C) 7.5 X 10� p.mole;
0.2 ml supernatant (4.48 mg protein); and

0.05 M Tnis acid maleate buffer. After in-

cubation at 37#{176}for varying intervals, the
mixture was heated for 2 mm in boiling

water. After centnifugation, the supernatant

was chromatographed on columns (1 X 8
cnmu) of AG 1-X2 (Cl, 200-400 mesh).
Ara-C was eluted by 50 ml of distilled

water, ara-CMP by 50 ml of 0.005 N HC1,
and di- and tripimosphates by 150 ml of

0.1 N HC1. The ehution scheme was de-

vised with the use of appropriate refer-

ence standards. Radioactivity was deter-
nuined in 0.5 ml of each fraction, and

corrections for quenching were found to be

unnecessary when the solvent system of Tye

and Enmgel (7) was used. Further enzymatic

studies were conducted following recen-

trifugation (10� g for 1 hr) and dialysis of
the resulting supernatant in 7 liters of

tnis (hydroxymethyl) aminomethane (Tris)
buffer, pH 7.2, changed twice during 72

hr. The Beckman Model L-2 ultracentri-

fuge with the Type 40 rotor was used for

time high speed centrifugation. Each super-
natant was stored at -15#{176}until used.

Protein determinations were done by the

method of Lowry et at. (8).

RESULTS

As expected from the previous study

(2), localization of ara-C in vivo was in-
creased by Urd (Table 1). However Urd
did not increase the localization of the

other naturally occurring nucleosides. The
uptake of Cyd-14C and dUrd-14C was de-
creased by 30% after concurrent admin-

istration of Urd. Since Urd increased
localization neither of dCyd-3H nor of
other labeled nucleosides, in spleen, the
effect of Urd appeared to be restricted to

ama-C.

When other nucleosides were substituted

for Urd at equimolar quantities, none of

the other naturally occurring nucleosides
increased the localization of radioactivity

in spleen to the same extent as Urd (Table
2) . Several of the other uracil derivatives

increased the localization of radioactivity
when given in conjunction with labeled
ara-C, but generally not to the same ex-
tent as Urd. On the other hand, UTP,
when administered in conjunction with

labeled ara-C, produced an even greater
increase in the localization of radioactivity
in spleen than Urd. These results mdi-
cated that UTP is probably involved in

the effect of Urd in increasing the localiza-

tion of ara-C-3H in spleen.
When the extent of labeling in spleen of

untreated BDF1 mice bearing Leukemia

L1210 was studied, the concentration of

radioactivity in the spleen tripled, after

injection of ara-C-3H, with increasing

splenomegaly during the two days preced-
ing death of the remaining mice (Fig. 1).
In an analogous study, with mice bearing

a subline resistant to the action of ama-C,

the AW-75 subline of Leukemia L1210 (6),
the concentration of radioactivity in the
spleen did not increase with the advent of

splenomegaly. Chu and Fischer (5) re-
ported that a clone of L5178Y cells, re-
sistant to growth inhibition by ara-C, was
defective in the conversion of ama-C and
dCyd to the corresponding 5’-phosphate
esters. Chromatographic fractionation of

the radioactive constituents in spleens, 45
mm after administration of ara-C-3H to
mice bearing 7-day-old Leukemia L1210,
using Reichard’s column (9) as described
previously (2), disclosed that 60% of the
recovered radioactivity was attributable
to ara-CMP. A similar study disclosed that
only 14% was attributable to ara-CMP in
spleen from BDF1 mice bearing a 10-day-
old AW-75 resistant subline of Leukemia
L1210. Another study indicated that Urd
was no longer capable of increasing the
localization of radioactivity in spleen of
mice bearing the AW-75 resistant subline
of Leukemia L1210. Thus, the possibility
that the effects in vivo of Urd and UTP in
increasing the radioactivity in the spleen



Nucleoside

Without Urd With Urd Fer c�i

(cpm/mg spleen) (cpm/mg spleen) cpni

ara-C-’H 88#{176}(90, 85) 155 (150, 159)

dCyd-’H 207 (198, 216) 226 (197, 254)

Cyd-’4C 380 (390, 370) 261 (248, 273)

dThd-’40 158 (151, 165) 167 (158, 176)

dUrd-’4C 326 (332, 320) 234 (203, 265)

TABLE 2

Effects of various nucleosides and nucleotides on the localizationof ara-C-31I iccicornc’il .s�l

Percent change in Percent change in Fenuete

Compound cpm/mg spleen Compound cpm/mg spleen Compound (rut1 t

TJTP 163#{176}(127, 198) UMP 91 (89, 93) ara-U 62 1:,

Urd 147 (143, 150) UDPG 78 (49, 107) dGuo 39 1*

dUrd 131 (122, 140) dAdo 71 (51, 91) Guo 35 3)

UDP 120 (82, 157) dCyd 71 (66, 75) dThid t) �-

dUMP 106 (105, 107) Cyd 66 (42, 89) U -6 (-

Aver.�ges (and individual values) are shown for two experiments as described! in Materials �c

PHOSPHORYLATION OF ARABINOSYLCYTOSINE

.hIol. I1/nar,nacol. 4, t36 lt�3 (

TABLE 1

Effects of Urd on localiza.Lion of nucleosides in normal spleen

Averages (and individual values) are shown for two experiments as described in Materials a

may be related to phosphorylation of
ara-C was evaluated.

To study pimospimorylation of ara-C-3H,
conditions for nmaximurmi phosphmorylation
of ara-C-3H utilizing ATP as tine pimos-

phate donor were sought. Time pn’imary con-
ditions, as described by Cimu ann! Fischer
(5), were modified by inclusion of PEP to
regenerate ATP and addition of NaF to

inhibit ATPases and phospimatases. 1)eammmi-

4 nation of ara-C-3H was negligible in the
incubation system as evidenced by tine use
of methods described previoursly (2).

Phosphorylation studies with time low-
speed supernatant showed timat ara-C-3H

was phosphorylated in the presence of

ATP over a wide p11 range. Throughout

the range from pH 5.2 to pH 8.5, the per-
centage of conversion varied between 20
and 25% tritiated nucleotides withmout evi-

dence of a distinct optimum. Iru these
studies, when ATP was used as time phos-

phate donor, the tritiated nucleotides

formed were prinmarily ara-CDP and ama-
CTP as characterized by column chroma-

tography. The rate of phosphorylation of
ara-C-3H was linear durirug the first 30
mm, and by 60 mm a maximum of 50%

conversion to rmucleoticle oeeu:mc

\Vitim substituntion of UTP ion

C-3H was phmospimorylnctcl at � �

initial rate as conmll)aned � tim �\! .

60 mm the maxinmmunnm conveisiot �

tide (primarily an’a-CMI2) w
to 75%. Phospinonylatnoin of ci( ::
45 mirm ��‘as slighntly ennhinnnced �

ence of UTP oven’ timat obsenvi � �

(Fig. 2) . Cyd-3iI W�t1S PltO5l)�c :
the sanme extent as d!Cvd-’I1 itt �

enuce of ATP, bunt onnly to a �i:�Lt �

time presence of UTP.

\Vimenu otimer nurcleotides wend � u� �

for ATP, ara_C_dII � l)hIO:I)11o:;; �

varying extents; TTP anmc�l UI

almost as well as ATP (Talc�u

and ITP served as phosplm.t(�

some extent, while CTP, dUl

and dCTP simowed little on no

The presence of Mg� inn tIne

mixture was a requimernmenit lot I

ation with UTP and ATP. 1mm �

ATP, inchusionu of PEP mm the .

mixture aided phmo�plnoiy haton

C-3H, probably by regenneraton U

whereas in the case of UTP, PLI’
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After high-speed! centrifugation, followed

by dialysis of time supemnatant, UTP was
still three times more effective than ATP
as a pluosphate donor to ara-C-’H
(Table 4).

U,
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0
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.�1
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I-

INCUBATION TIME (MIN)

Fro. 2. Comparison of phosphorylation in the presence of either ATP or UTP

Incubation mixtures (1.5 ml, pH 6.4) contained: nucleotide, 225 tnnioles; PEP, 1125 �znmoles; NaF,

15 /Lmoles; MgCI,, 3.5 nnnoles; labeled nucleoside (2 inC), 7.5 X 1O� �cmole; Tris acid nmaleate, 50
�nmoles; and 02 ml of supernatant (4.48 mg protein). Incubation was for varying intervals at 37#{176}.
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INDIVIDUAL SPLEEN

Fic. 1. Comparison of localization of ara-C-’H

sublines of Leukemia L1210

Each point is a value ursing one mouse.

250 300 350 400 450

WEIGHTS (MG

in spleen of mice bearing resistant and sensitive

little effect. Also, PEP itself was ineffec-

tive as a pimospimate donor. However, none
of these donors were as effective as UTP
with which 71% coruversion to nuncleotide

was achieved.



TABLE 3
Phosphorylation of ara-C-’H with various nucleotides

Incubation mixtures (1.5 ml, pH 6.4) contained: nucleotide, 2.25 ,.imoles; PEP, 11.25 �smoles; NaF, 15

pmoles; MgC1,, 3.5 pmoles; ara-C-’H (2 pC), 7.5 x 10’ ,smole; Tris acid maleate, 50 �moles; and 0.2 ml of
supernatant (4.48 mg protein). Incubation was for 45 mm at 370�

Percent tritiated Percent tritiated

nucleotides nucleotides

Nucleotide added formed Nucleotide added formed

+UTP 71 +dATP 3

+ATP 48 +dCTP 1
+TTP 44 +dUTP 4

+GTP 35 None 3
+ITP 24 +UTP, -PEP 62

+UDP 43 +ATP, -PEP 26

+CTP 10 +UTP, -MgCI2 15

+UDPG 5 +ATP, -MgCl2 6

PHOSPHORYLATION OF ARABINOSYLCYTOSINE 101
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TABLE 4

Phosphorylation of ara-C-’H by dialyzed

and undialyzed supernatant.s

Incubation mixtures (1.5 ml, pH 6.4) contained:

am-C-’H (2 pC), 7.5 x 103 pmole; MgCl2, 3.5

pmoles; Tris acid maleate, 50 pmoles; NaF, 15

pmoles; and 0.2 ml of supernatannt (2.08 mg of
protein). The concentrations of the indicated phos-
phate donors were UTP, 2.25 ,zmoles; ATP, 2.25

pmoles; PEP, 11.25 ,�mo1es. Incubation was for
45 mm at 370

Phosphate

donor in

Percent tritiated
nucleotides formed

Crude Dialyzed
incubation supernatant, supernatant,

mixture 2000 g 10’ g

UTP, PEP 72 69
ATP, PEP 48 31
UTP 62 60#{176}

ATP 26 23#{176}

a NaF omitted.

DISCUSSION

Urd in vivo selectively increased time

localization of ara-C-’H in normal spleen
(Table 1). The results with Cyd and
dUrd indicate that Urd may be a precursor
of these two nucleosides via salvage path-
ways. Furthermore, increased localization

also occurred with several uracil deriva-
tives (Table 2). In the phosphorylation
studies in vitro, UTP increased phos-
phorylation of ara-C-3H. Anderson and

Brocknuan (10) have observed that phos-
phorylation of Urd per se to produce UMP

is a rate-limiting step in the sequence
Urd-�UMP--+UDP--’UTP. It is considered

likely that Urd is more readily con-
verted to UDP and UTP in vivo timan in

vitro and that the phosphorylation of ara-
C-’H is facilitated primarily by the tn-
phospimoryhated derivative of Urd rather
than by Urd directly. The effect of UTP on
increasing time phosphorylation of ara-

C-3H was studied in leukemic spleen be-
cause of the high kinase activity. However,
a low speed supernatant of normal spleen

also utilized UTP and ATP in phosphoryl-

ation of ara-C and dCyd, but possessed

only onue-fifth of time enzymatic activity

fournd in leukemic spleen.

Time actual mecimanism of stinmulation of
phospimorylation of ara-C-’H by UTP can
only be clarified by purification of the en-
zyrmme. However, several possibilities can
be ehimmuinated by considering the data.

Since PEP alone in the incubation mix-
ture was inactive in phosphorylation of
ara-C-’H, and UTP was still effective with
the dialyzed supernatant, it is obvious that

UTP acted without regenerating endog-
enous ATP. Also, since UTP was the sole

phosphorylated compound added with the

dialyzed supernatant in the incubation

mixture, it appears that UTP was the di-

rect phosphate donor to ara-C-’H (Table

4), As Cyd-’H and dCyd-3H were each
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S� � � to 80% mmucleotide in the in-
S� � ! nn�xttmm’e contanming ATP, the

S � S � � � tlnut ATP was unavailable for
S � � ()1�l)UO)VhItiOfl of ara-C-’H was

S � rd. U’N� was a more effective

S�H t (honor tlmamm ATP for ara-C-3H,
. S� 01 �mIo��dmom’ylatiomm and the quan-

5)) ��i�Ieotide l)eing significantly in-
� i with UTP. kinetic study of the

S � t�t � m5 nmecessar’y to delineate
Umii�mmm.

: � : r:t-C has nmot yet been isolated as

S S �: 1 contstituemnt ( 1 1 ) , it is likely that
S. � )� enzymatic system for phos-

� em of ana-C does not exist and

i� -C is an unnmnaturah substrate for
S� ) rig ennzvnmmatic system. As dCyd-’H,
S � )� (ycl�u1I, was phosphorylated in

S � 1100 of UTP (Fig. 2), dCyd kinase
:):�l)lv the enzyme timat phosphoryl-

S�� :t-(�. rn ob�ervation is substan-
� lv tine finding of Chmu and Fischer

I � � \ti9et� of cells resistant to the
‘S ( t � :c tn -( � were (1)’fectiVe mu the con-

S S � c cI ti i:t-C� mmd c!Cyd to time cor-

S � � flY) 5’-ilioslhnmte esters. Studies by
� S � mid ITishel (12) also surbstanti-

S (� c m’vtc � tori tirat ann-C is phos-

� V � hv (l( V(l kirnase. Time failure of
7) llrbIul( to respond to treatment

1 to mm inlsUuT[1ienCV of phospho-
1 iv:ct yes of ama-C. Several in-

(�, 214) have indicated the

of j)lnO�phmonVhation for’ the

c tot mm. lime neginiemm compris-

oh nra-C (2) not onmly provided

(cr1crctiti(s of pirosphoryiated

of ann-C, hint tthso elevated the
nrc of (lie free agent in spleen.

as mimiimhmasized time desirahil-
1, i g for’ i rmcreased phosphoryl-

lilY) tll(1:npv with nra-C.
cc piesenrt sturd was in progress,

in c inn plnosphnorylation was me-
1 hP mm conmnparisorm with ATP.

11111:1 and Soginmo (15) have observed

I \VtIci 6(% nmor’e active than ATP

In ili:ite (lonnor’ whenm dCDP was
ml sunh�fr:tte with a 2800-fold pun-

S c:i 1 11 ynmnins rmmncleoiide diphospho-

�t uhicim in our’ laboratory, with a
tII prnrified d(T�yd kinmase from spheens

of mice bearing Leukemia L1210, have
similarly disclosed greater activity with

UTP than ATP.
Witiu respect to the therapeutic efficacy

of ara-C, Chu and Fischer (16) demon-

strated that nucleotides of ara-C inhibited
CDP reductase and that other nibonucleo-
tide reductases are sinmilarly affected (17).

However, as dThd also inhibits CDP me-
ductase (18) , though neither exhibiting
antileukemic activity nor sparing the ac-
tion of ara-C (2) , time inhibition of reduc-
tases may not entirely account for the

antileukemic activity of ara-C. The thera-

peutic advantage provided by ama-C to-
ward Leukemia L1210 is considered to be
partly due to the comparatively selective
splenic uptake (2) . While phosphorylation

of ama-C is apparently mandatory, the
relationship of increased levels of nucleo-

tides of ama-C to the therapeutic activity

have not yet been completely elucidated.
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