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The influence of 14 acyclonucleosides!, derivatives of adenine, guanine, uracil and thymine
on the phosphorylation of dAdo, dGuo, dCyd and dThd occurring in the cytosol of growing
amelanotic melanoma transplanted to Syrian hamsters, as well as on inhibition of tumor growth
were studied. From among the studied ACNs eight were tested earlier (Modrzejewska et al.,
1996, The influence of alkoxymethyl purine and pyrimidine acyclonucleosides on growth inhibi-
tion of Kirkman-Robbins hepatoma and possible mechanism of their cytostatic activity, Z. Na-
turforch. 51¢, 75-80); from among the newly synthesized ACNs, 1,3-N,N-diallyloxymethyl-
thymine (AMT2), 1-N-allyloxymethyl-5,6-tetramethyleneuracil (AMUTM), and tested
previously 1-N-allyloxymethylthymine (AMT1), administered i.p. in a dose of 0.2 mmol /kg
body weight reduce the tumor mass from 0.98 g to 0.64 g + 0.11 g (i.e. 35% % 12%). 48 hours
after i.p. administration of the mentioned ACNs in the same dose a reduction of tumor mass
is accompanied by the inhibition of dAMP, dGMP and dTMP synthesis. AMT1 inhibits dThd
phosphorylation from 6.2 to 4.22; AMT2 suppresses dAdo, dGuo and dThd phosphorylation
by, correspondingly, from 2.8 to 1.7, from 10.8 to 7.5 and from 6.2 to 4.2; AMUTM depresses
dAMP synthesis from 2.8 to 1.6 (all data: umol of 2’dNMP formed per mg of protein per min. x
10-%). None of the 14 studied acyclonucleosides influences dCMP synthesis. In vivo, after hy-
dration of allyloxymethyl group to hydroxypropoxymethyl residue (having -CH,OH group),
AMT1, AMT2 and AMUTM undergo phosphorylation to corresponding triphosphates. Phos-
phorylated ACNs are not incorporated into tumor DNA, however they inhibit dAdo, dGuo and
dThd incorporation into DNA. It is concluded that ACN triphosphates are not substrates for
DNA polymerase but, competing with dATP dGTP and dTTP, inhibit incorporation of these
2°dNTP into DNA and, in consequence, reduce tumor growth, which is presumed to be the main
mechanism of cytostatic activity of the studied ACNs.

! Abbreviations: ACN, acyclonucleoside; dAdo, 2'-deoxy-
adenosine; dGuo, 2’-deoxyguanosine; dCyd, 2’-deoxycyti-
dine; dThd, 2’-deoxythymidine; 2’dN, 2’-deoxynucleoside;
2’dNMP, 2’-deoxynucleoside-5’-monophosphate; 2’dNTP,
2’-deoxynucleoside-5’-triphosphate; AMT]1, 1-N-allylox-
ymethylthymine; AMT2, 1,3-N,N-diallyloxymethylthym-
ine; DHPMT1, 1-N-[(2’,3’-dihydroxy-1’-propoxy)methyl-
Jthymine; DHPMT2, 1-N-[(1’,3’-dihydroxy-2’-prop-
oxy)methyl]thymine; PMT, 1-N-propoxymethylthymine;
AMU, 1-N-allyloxymethyluracil; DHPMU, 1-N-[(2°,3’-di-
hydroxy-1’-propoxy)methyljuracil;, AMUTM, 1-N-ally-
loxymethyl-5,6-tetramethyleneuracil, DHPMUTM, 1-N-
[(2°,3’-dihydroxy-1’-propoxy)methyl]-5,6-tetramethyl-
eneuracil; DHPMUDM, 1-N-[(2’,3’-dihydroxy-1’-propox-
y)methyl]-5,6-dekamethyleneuracil; AMUEF, 1-N-allylox-
ymethyl-5-fluorouracil; AMA, 9-N-allyloxymethylade-
nine; AMG, 9-N-allyloxymethylguanine.
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Introduction

Results presented in this paper, being part of
the current studies on acyclonucleosides (ElAshry
and ElKiliany, 1997; Thormar et al., 1998), resume
our research on ACNs possessing potential cyto-
static properties (Greger and Draminski, 1989;
Modrzejewska et al., 1994; Modrzejewska et al.,
1996). The present results deal with eight pre-
viously tested and six newly synthesized alkoxy-
methylpyrimidine ACNSs, derivatives of uracil and
thymine, subjected to a study on a different bio-
logical model. ACNs tested previously (Fig. 1,
compounds LIV,V,VLVILXILXIILXIV) were in-
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vestigated on the growing Kirkman-Robbins hepa-
toma. Now both groups of ACNs (Fig. 1, previously
tested and newly synthesized ACNs, compounds:
ILIILVIILIX, X, XI) were subjected to tests on
growing amelanotic melanoma transplanted , simi-
larly as hepatoma, to Syrian hamsters.

A mechanism of cytostatic activity of allyloxy-
methyl derivatives of uracil and thymine has been
proposed based on the results obtained in in vivo
and in vitro experiments concerning 2’dN kinases
activities present in the cytosol of a growing tumor
subjected to biologically active ACNs (AM-
T1,AMT2, AMUTM), on phosphorylation of
these ACNs and on incorporation of 2’dN into tu-
mor DNA.

Materials and Methods

Chemicals

['*C]dAdo,['*C]dThd,[**P]y ATP were obtained
from Amersham Corp. (Buckinghamshire, Eng-
land); ["*C]dCyd from Sigma Chemical Company
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(St. Louis MO, USA) and ['*C]dGuo from Ustav
pro Vyzkum Vyrobu a Vyuziti Radioactive
(Prague, Czechoslovakia). Unlabeled 2’dNs,
2’dNMPs, and 2'dNTPs were purchased from
Sigma Chemical Company (St. Louis, USA), Al-
drich Chemical Company (Milwaukee, USA) and
Boehringer (Mannheim, Germany). Other rea-
gents used were highest quality commercially
available products from Fluka AG, Loba-Chemie
(Vienna, Austria), Koch-Light Lab. and Polskie
Odczynniki Chemiczne (Gliwice, Poland). Allyl-
oxymethyl purine and pyrimidine ACNs were ob-
tained as described previously (Modrzejewska et
al., 1996; comp.: LIV, V, VI, VII, XII, XIII, XIV;
Fig. 1). Compounds III, VIII, IX, X ,XI (Fig. 1)
were produced by oxidation of the appropriate 1-
N-allyloxymethyl derivatives of heterocyclic bases.
The oxidation agent was potassium chloride in the
presence of osmium tetroxide. AMT2 (Fig. 1,
comp. II) was obtained by condensation of 1,3-
O(trimethylsilyl)thymine with excess of chloro-
methylacetyl ether. Purification was performed ac-
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Uracil derivatives
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cording to a procedure of Draminski and Frass,
1981. The ACNs were checked for chromato-
graphic homogeneity with at least two solvent sys-
tems. Analytical data are given in Table L.
[*C]AMT1, ['*C]JAMT2 and ['*CJAMUTM were
obtained by the same methods as unlabeled ACNs
using['“C] thymine or ['*C] uracil instead of unla-
beled thymine or uracil (Ozierov et al, 1991;
Drabikowska et al, 1987). 1 cm zones were
scraped from the TLC silica gel plates (Merck Ki-
selgel 60 F, 0.2 mm) and counted by a liquid scintil-
lation counter (1600 TR Packard liquid scintilla-
tion analyzer). The ACN spots contained ['*C]
label only.The rest of the chromatograms had
background level activity.

Animals and preparation of subcellular fractions

A group of four female Syrian hamsters (weigh-
ing 80-90 g) was used for each experiment. Ame-
lanotic melanoma, obtained from Department of
Histology, Medical University of Gdansk, belongs

XIlI: 1-N-allyloxymethyl-5-fluorouracil

Fig. 1. Structural formulae of the investigated
acyclonucleosides.

to a family of melanomas transplantable to ham-
sters (Stominski and Paus, 1993; Bomirski et al.,
1998) and represents one of the fast growing tu-
mors. The tumor was maintained as a subcutane-
ous transplant at 10 days’ intervals. The most in-
tensive growth of tumor occurred at 10-12 days
after transplantation. From the 16—18 day regres-
sive changes took place and within one week the
tumor was eliminated. For the in vivo experiments,
10 days after tumor transplantation the animals
were given i.p. respective ACNs (0.2 mmol per kg
of body weight), 48 h later they were sacrificed
by sectioning the cervical spinal chord, tumor was
excised, homogenized at 0 °C in Potter-Elvehjem
apparatus and nuclear and cytosol fractions ob-
tained as described previously (Modrzejewska et
al., 1996) were used for the experiments. In in vitro
experiments, 10 days after tumor transplantation
the animals were sacrificed and the cytosol ob-
tained as above was assayed for the enzyme activi-

ty.
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Chemical and enzyme assays

2’dN kinase activities were assayed as described
previously (Greger and Draminski, 1989). The
phosphorylation of ACNs was performed under
conditions matching all 2’dN kinases activities,
using 0.2 mm ACN as a substrate and 10 mm[*?P]
v ATP of 0.5 uCi(0.0185 MBq) per sample as phos-
phate donor. Phosphorylation products were sepa-
rated by TLC (Modrzejewska et al., 1996) and
spots corresponding to standards were counted as
above (see Chemicals). DNA was isolated and
['*C]27dN or ["*C] ACN were assayed according to
methods described by Blin and Stafford (1976),
and protein by Bradford (1976). 2’dN kinase activ-
ities and ACN phosphorylation products were ex-
pressed as umol of 2’7dNMP or ACN phosphates
formed per mg of protein per min. x 10~%. Statisti-
cal calculations were made using Student’s, Fisher-
Snedecor tests and a Chem Windows 3 statistical
computer program.

Results and Discussion

The influence of 14 ACNs on the growth of
amelanotic melanoma and on 2’dN kinase activi-
ties present in the cytosol of the growing tumor
were investigated. AMT1, AMT2 and AMUTM
administered i.p. to animals 10 days after tumor

Table I. Analytical data of newly synthesized ACN’s.

- Cytostatic Activity of Alkoxymethyl Acyclonucleosides

transplantation in a dose of 0.2 mmol per kg of
body weight reduced the tumor weight from 0.98 g
to 0.64 g + 0.11 g, i.e. 35£12% (mean + SD for
four separate experiments). Table II demonstrates
the influence of AMT1, AMT2 and AMUTM on
the activity of these enzymes. The above men-
tioned ACNSs inhibit the synthesis of dTMP
(AMT1, AMT2), dGMP(AMT2) and dAMP
(AMT2, AMUTM) both in vivo and in vitro. This
inhibition (expressed in umol of 2’7dNMP formed
per mg. of protein per min. x 10~*) was found from
5.4 to 4.0 in vitro and from 6.2 to 4.2 in vivo, i.e.
26-34% for dThd kinase, from 11.2 to 8.1 in vitro
and from 10.8 to 7.5 in vivo, i.e. 28—31% for dGuo
kinase and from 2.3 to 1.5 in vitro and from 2.8 to
1.6.in vivo, i.e. 35—-44% for dAdo kinase. None of
the 14 mentioned ACNSs influences the synthesis
of dCMP. No significant differences have been
found in results of experiments in vivo (average
inhibition of 2’dN kinases activities in experiments
in vivo was 35.8+5.1%, in experiments in vitro:
33.0+7.1%), whereas the K; determined in experi-
ments in vitro (Fig. 2) varied considerably (from
76 um for AMUTM inhibiting the synthesis of
dAMP to 227 um for AMT?2 inhibiting the synthe-
sis of dGMP, see Table II). Attention should be
drawn to the fact that ACNs which were the in
vivo inhibitors of dGMP and dTMP synthesis in

Compound Yield m.p[°C] TLC uv MS (70ev) '"H-NMR
[%] R; Amax [NM] m/z (CHCly)
S) S, ex 103 [%]
pH=7 M B B+1 B+14  B-29 B+28  1-N-CH, 1-N-CH,
pH=13
AMT2 28 oil 0.62 059 270 270 266 125 126 130 96 153 5.14 542
7.6 58 1.3 11 29 11.1 28.6 1.4
AMUTM 68 131-132 0.83 099 267 268 236 165 166 179 136
115 9.1 95 234 6.5 46.5 23.7 5338
DHPMTI 47 138-9 035 0.63 264 264 230 125 126 139 96 520d
8.2 6.6 2.0 2.0 100 384 55.2
DHPMU 60 132-4 026 046 259 259 216 111 112 125 82 522d
10.2 9.4 0.8 1.3 51.9 57.2 100
DHPMUDM 56 168-9 0.73 0.88 271 269 354 249 250 263 220 5.38s
9.3 7.6 54 42 100 20.5 6.9
DHPMUTM 65 146 048 0.78 268 269 270 165 166 179 136 535s
12.5 11.0 33 18.9 100 10.5 13.9

TLC: silica gel GF>sy
S, — BuOH:H-O = 86:14
S, — CHCI; : EtOH = 7:3

Abbreviated compounds: AMT2. 1.3-N,N-diallyloxymethylthymine; AMUTM, 1-N-allyloxymethyl-5.6-tetramethy-
leneuracil; DHPMU, 1-N-[(2°.3’-dihydroxy-1"-propoxy)methyljuracil; DHPMTI1, 1-N-[(2°.3’-dihydroxy-1’-propoxy)-
methyl]thymine: DHPMUDM. 1-N-[(2".3-dixydroxy-1"-propoxy)methyl]-5.6-dekamethyleneuracil; DHPMUTM, 1-
N-[(2°.3"-dihydroxy-1"-propoxy)methyl]-5.6-tetramethyleneuracil.
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Fig. 2. Double reciprocal plots of the rate of dAdo, dGuo and dThd kinase activities in the cytosol of a 10-day
growing melanoma (—®—®—@) in the presence of 0.2 mm AMT1 (-m-m-B-), AMT2 (-©0-0-0-) and AMUTM
(-0-0-0-). K, calculated from these plots equal 84 um for dAdo kinase, S0 um for dGuo kinase and 66 um for
dThd kinase. K; values presented in Table II calculated from K,; values were obtained from these plots. y — regres-

sion equation; R?>>0.5 indicates that points belong

to Chem.Windows 3 statistical computer program).

Kirkman-Robbins hepatoma (AMU, DHPMT?2,
Modrzejewska et al., 1996), were entirely inactive
in case of melanoma, while AMT2, being an
AMT]1 derivative, inhibited the phosphorylation
of as many as three 2’dNs (dAdo, dGuo, dThd)

in melanoma.

ing to the straight line are in the set of this line data (according
Kt K, constant in the presence of inhibitor.

Kinetics of 2’dN kinases inhibition (Fig. 2,
double-reciprocal plots of dAdo, dGuo and dThd
kinase activities in presence of AMT1, AMT2 and
AMUTM) indicates that the mentioned ACNs are
competitive inhibitors of dAMP, dGMP and
dTMP synthesis. As it will be demonstrated later,
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Table II. The influence of biologically active ACN’s (AMT1. AMT2, AMUTM) on 2'dN kinase activities (umol of
2’dNMP formed per mg of protein per min. x 10~%) in cytosol of growing melanoma. /n virro — 10 days after tumor
transplantation in presence of respective ACN’s (0.2 mm): in vivo — 10 days after tumor transplantation the animals
were given ACN’s (0.2 mmol per kg of body weight) and 48 h later the enzyme activities were assayed. Control: 2°
dN kinase activities in cytosol of 10 (experiments in vitro) or 12 days (experiments in vivo) old melanoma. Each
value: the mean + SD for four separate experiments. NS-mean non significant (i.e. p < 0.05): p values, after checking
variance conformability using Fisher-Snedecor test, were calculated using Student’s t-test. In parentheses: % of
inhibition. The remaining ACN’s presented in Fig. 1 have no influence on 2’dNMP synthesis in melanoma cells.

in vitro
dAdo kinase dGuo kinase dCyd kinase dThd kinase
Control 2.3+0.25 11.2+0.93 0.51£0.06 5.4+0.51
AMT]I 22+0.22 9.4+0.80 0.48£0.05 4.0£0.31
(12%. NS) (26%, p=0.005, K;=188 um)
AMT?2 1.5+£0.13 8.1+0.7 0.44+0.0.05 3.7+£0.25
(35%, p=0.002, Ki=126 um) (28%, p=0.002, K;=227 um) (14%, NS) (32%., p=0.002, K;=212 um)
AMUTM 1.3£0.12 11.4£0.092 0.49+0.06 5.2+0.52
(44%, p=0.001, K;=76 um)
in vivo
Control 2.8+£0.38 10.8+0.86 0.46£0.05 6.2+0.62
AMTI1 3.0+0.3 10.4+0.82 0.40£0.04 4.22+0.41
(14%, NS) (32%. p=0.001)
AMT2 1.740.12 7.5£0.71 0.48+0.07 42+0.39
(39%, p=0.001) (31%, p=0.002) (34%. p=0.001)
AMUTM  1.6%0.11 11.3£0.9 0.39£0.04 6.1£0.6
(43%, p=0.001) (16%, NS)

For abbreviations see Fig. 1.

the inhibitors of synthesis of the mentioned 2’d
NMP are not AMTI, AMT2 and AMUTM but
their triphosphates which are formed by ACN
phosphorylation catalyzed by kinases present in
the cytosol of the growing tumor. Table III demon-
strates the phosphorylation of ACNs by kinases
present in the cytosol of melanoma growing for 10
days. A 40 min. incubation with cytosol (i.e. during
2’dN incubation time sufficient to determine 2’dN
kinases) indicates that besides AMA and AMG
all the remaining 12 ACNs are phosphorylated to
monophosphates; phosphorylation of AMU,
AMUF, DHPMT2 and DHPMT?2 phosphate is
completed at the diphosphate stage, and only the
biologically active ACNs (i.e. AMT1, AMT2 and
AMUTM) are phosphorylated to triphosphates.
Studying the kinetics of AMT1, AMT2 and
AMUTM triphosphate formation we assume that
the concentration of these phosphorylated deriva-
tives increases until the 40" min. of incubation,
then it does not change for the following 30—
40 min. To confirm the fact that it is not AMT]I,
AMT2 and AMUTM but their triphosphates,
which are the active species for inhibition of
dAMP, dGMP and dTMP synthesis, an 80 min. in-

cubation time was applied in experiments to study
the in vitro inhibition of 2’dNMP synthesis.

As it has been mentioned earlier (Modrzejew-
ska et al., 1996) phosphorylation of the allyloxy-
methyl group in AMTI, AMT2 and AMUTM
must be preceded by an enzymatic hydration of
unsaturated bonds in vivo. Hydration of such
bonds described by Jarvi er al. (1991) transforms
the allyloxymethyl group into a 1-hydroxypropox-
ymethyl residue (-CH,-O-CH,-CH,-CH,OH) or
2-hydroxypropoxymethyl residue (-CH,-O-CH,-
CHOH-CH;). Hydratases present in hepatoma
(Modrzejewska et al., 1996) prefer the allyloxy-
methyl group bound to pyrimidines (thymine, ura-
cil). This is similar to melanoma where neither
AMA nor AMG underwent phosphorylation (Ta-
ble III). It should be expected that phosphoryla-
tion of the appropriate ACNs relates to a -CH,OH
group and not a -CHOH group as cellular kinases
responsible for ACN phosphorylation prefer first
order alcoholic groups (Bouffard et al., 1993; Salo-
mon et al., 1995). It is suggested that the effect of
melanoma hydratases on allyloxymethylopyrimi-
dines leads to the formation of -CH,-O-CH,-CH>--
CH-OH groups in these ACNs.
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Table I1I. The phosphorylation of ACN’s (0.2 mm) during a 40-min incubation by kinases present in the cytosol of
a 10-day growing melanoma (umol of [*?P] ACN mono, di and triphosphate formed per mg of protein per min. x

10~%). In parentheses: % of phosphorylation.

[*P] ACN diphosphate

[*°P] ACN triphosphate

ACN [**P] ACN monophosphate
AMT1 1.4+0.2
AMT?2 1.2+0.16
DHPMT1 2.3+0.3
DHPMT2 3.6x0.4
DHPMT?2 phosphate 0.0

PMT 0.0

AMU 0.95+0.12
DHPMU 0.3£0.16
AMUTM 1.6+0.2
DHPMUTM 1.2+0.15
AMUF 0.9£0.13
DHPMUDM 0.0

AMA 0.0

AMG 0.0

Thymine derivatives

0.11+0.02 (6.8%)
0.1+0.05 (7.2%)
0.0

0.87+0.13 (19.5%)
3.2+0.4 (99.5%)
0.0

Uracil derivatives

0.88+0.1 (48%)
0.1+0.012 (7.2%)

0.14+0.018 (7.7%)
0.09+0.013 (7.5%)

0.088+0.011 (5.5%)
0.09+0.013 (6.8%)
0.0

0.0

0.017+0.002 (0.5%)
0.0

0.005+0.0007 (0.3%)
0.0

0.12+0.015 (6.6%)
0.0

0.04£0.006 (4.3%)

0.0 0.0
Purine derivatives

0.0 0.0

0.0 0.0

Abbreviated compounds: AMT1, 1-N-allyloxymethylthymine; AMT2, 1,3-N,N-diallyloxymethylthymine; DHPMT]1,

1-N-[(2°,3’-dihydroxy-1"-propoxy)methyl|thymine;

DHPMT2,

1-N-[(1°.3’-dihydroxy-2’-propoxy)methyl]thymine;

PMT, 1-N-propoxymethylthymine; AMU, 1-N-allyloxymethyluracil; DHPMU, 1-N-[(2’,3’-dihydroxy-1’-propoxy)-
methyljuracil, AMUTM, 1-N-allyloxymethyl-5,6-tetramethyleneuracil;, DHPMUTM, 1-N-[(2’,3’-dihydroxy-1’-pro-
poxy)methyl]-5,6-tetramethyleneuracil, DHPMUDM, 1-N-[(2’,3’-dihydroxy-1’-propoxy)methyl]-5.6-dekamethylen-

euracil, AMUEF,  1-N-allyloxymethyl-5-fluorouracil;
allyloxymethylguanine.

A common feature of ACNs which are not phos-
phorylated to triphosphates in vivo is the presence
of a chiral carbon atom in the synthon (Com-
pounds: IILIV, V, VIII, X, XI - Table III)). Lack
of PMT phosphorylation follows from the fact that
the hydroxypropoxymethyl group constituting the
synthon in PMT does not undergo hydration
(Modrzejewska et al, 1996). Lack of AMU,
DHPMT2 and DHPMT?2 phosphate triphosphates
(and in consequence lack of their biological activi-
ty) results from a high concentration of these
ACNs diphosphates (Table III) which are inhibi-
tors of triphosphates synthesis in vivo (Krenitsky
et al., 1990).

AMUF is the only ACN whose lack of phos-
phorylation to a triphosphate is difficult to inter-
pret. The presence of fluorine atom at position 5
of the pyrimidine chain does not seem to be deci-
sive about the absence of phosphorylation as there
are very many S-fluoronucleosides and nucleotides
which are phosphorylated in vivo to corresponding

AMA, 9-N-allyloxymethyladenine; AMG,  9-N-

triphosphates (Sato et al., 1993; Willmore and Dur-
kacz, 1993).

Table IV shows the distribution of ['*C]2°dN,
['*C]ACN and ['*C]2°dN in the presence of ACN
between DNA and cytosol in 10 days growing mel-
anoma. Incorporation of [*C] 2’dN, ['*C] ACN
and ['*C] 2°dN with ACN present into tumor DNA
indicates that all ['*C] 2°dNs are incorporated into
DNA (average incorporation of all ['*C] 2°dNs :
88.7+1.7%), whereas practically none of ["C]
ACNs is incorporated into DNA (incorporation
mean of ['*C] ACN: 0.66+0.0015%, 2°dN/ACN in-
corporation ratio: 1344). Biologically active ACNs
significantly diminish incorporation of [*C] 2’dN
into DNA. AMT]1 reduces incorporation of dThd
from 32.2 nmol to 8.73 nmol per mg of DNA (i.e.
reduction by 73%), AMT?2 inhibits incorporation
of dAdo from 21 nmol to 6.2 nmol per mg of DNA
(i.e. reduction by 70%), dGuo from 34.2 nmol to
15.4 nmol per mg of DNA (i.e. reduction by 53%)
and dThd from 32.2 nmol to 11 nm per mg of DNA
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Table IV. Distribution of ['*C] 2'dNs, ['*C] AMTI, ['*C] AMT2 and ["*C] AMUTM (A) and ['*C] 2'dNs in the
presence of AMT1, AMT2 and AMUTM (B) between DNA and cytosol in a 10-day growing melanoma 48 h after
administration of the compounds. Animals were given 0.2 mmol [**C] 2'dNs, 4 x 106 cpm (0.066 MBq) or 0.2 mmol
['*C] ACN, 3 x 10° cpm (0.005 MBq) per kg of body weight (A) or ['*C] 2'dNs (labeled as above) with biologically
active ACN (in doses as in A). The incorporation was expressed in nmol of ['*C] compounds per mg of DNA or
nmol per mg of protein (cytosol) Each value: the mean + SD for four separate experiments. In parentheses: %

of incorporation.

A B
AMT1 AMT2 AMUTM
DNA Cytosol DNA Cytosol DNA Cytosol DNA Cytosol

dAdo 21+1.8 (86) 324403 (14) 17.8+1.6(85) 3.1+£0.3(15) 6.21+£0.7 (31) 13.7+0.9 (69) 7.3+0.8 (28) 19+2.6 (72)
dGuo 342449 (85) 594+0.7 (15) 40+54 (93) 3+0.3(7) 154£1.6 (38) 25£2.6 (62) 35.5%6.5(90) 3.6+0.5 (10)
dCyd 12.6£0.9 (89) 1.62+0.17 (11) 11.7£1.6 (87) 1.8£0.2 (13) 11£0.9 (89) 1.26£0.17 (11) 12.6£1.5 (86) 2+0.3 (14)
dThd 322453 (90) 3.28+0.4 (10) 8.73+£0.9 (29) 21+£2.8(71) 12+1.5(34) 23.4+2.7(66) 28.8+4.5(94) 1.8+0.2 (6)
AMTI 1.2+0.3 (3) 38.4+3.4 (97) - - - - -
AMT2 1.4+0.4 (3) 43.2+4.7 (97) - - - -
AMUTM 1.7£0.4 (4) 41+4.2 (96) - - - -

Abbreviated ACNs: AMT1,
tetramethyleneuracil.

(i.e. reduction by 64%). AMUTM, similarly, re-
duces dAdo incorporation from 21 nmol to
7.3 nmol (i.e. reduction by 66%). Quantitatively,
the results do not correlate with the decrease of
activities of 2°’dN kinases by the mentioned ACNS.
AMT1 reduces (in vivo) the activity of dThd ki-
nase by 32% (Table II), but the same ACN inhibits
dThd incorporation (in fact dTTP) into DNA by
70%, as this amount of dThd remains in cytosol in
experiments with the use of ['*C] dThd with
AMT1 (Table IV). Similarly, in case of ['*C] dAdo,
['*C] dGuo and ['*C] dThd, inhibition of incorpo-
ration of these [*C] 2°dNs (phosphorylated in vivo
to dATP, dGTP, and dTTP) by AMT2 and
AMUTM, is always twice as high as the inhibition
of activity of corresponding 2’ dN kinases (Ta-
ble IV). It is concluded that AMT1, AMT2 and
AMUTM, beside inhibiting 2° dN kinases activi-
ties, are also inhibitors of DNA polymerase. Such
inhibition of acyclonucleosides triphosphates,
modified nucleosides and nucleotides has been re-
ported (Derse et al., 1981; Martin et al., 1994; Ilsley
et al., 1995). Apparently the cytostatic activity of

1-N-allyloxymethylthymine; AMT2. 1.3-N,N-diallyloxymethylthymine; AMUTM, 1-N-allyloxymethyl-5.6-

AMTI1, AMT2 and AMUTM is of synergistic
character: inhibiting the activity of 2° dN kinases
it causes a reduction of substrates concentration
for DNA polymerase, and, concurrently, inhibits
DNA polymerase activity. Presumably, the latter
inhibition occurs via a competition of AMTI,
AMT2 and AMUTM triphosphates with natural
substrates of DNA polymerase (dATP, dGTP,
dTTP). The expected inhibition of pyrimidine nu-
cleoside phosphorylase activity by biologically
active ACNs (Modrzejewska et al., 1996) has been
confirmed for thymidine phosphorylase which is
inhibited by AMT1 in human neoplasm (Misz-
czak-Zaborska et al., 1997).

Because phosphorylases present in the tumor
exhibit preferences to modify ribo- and 2’deoxy-
nucleosides (Savarese et al., 1981) this additional
effect of allyloxymethylopyrimidine, by augment-
ing ACN concentration in tissues concurrently in-
tensifies the cytostatic effect of ACN. The results
on allyloxymethyl derivatives of thymine and ura-
cil, confirming their cytostatic properties encou-
rage further studies on these acyclonucleosides.
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