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THE ROLE OF VARIOUS NUCLEOSIDES IN THE ACTIVATION
OF 5-FLUOROURACIL IN GASTRIC ADENOCARCINOMA

The main metabolic pathways of anticancer drug 5-fluorouracil (5-FU) include its transformation to active
metabolites via attaching the naturally occurring pentose phosphates. It is known that different tissues use different
nucleosides as donators of pentose phosphates for activation of 5-FU. The objective of the present study was
determination of pentose phosphate sources for 5-FU metabolic transformation in gastric adenocarcinoma and
normal adjacent mucosa. 5-FU was incubated in vitro with one of the nucleosides (adenosine, uridine, thymidine)
and tumor or adjacent tissue homogenates obtained from patients with gastric adenocarcinoma. The concentration
of initial metabolites and the products of the pentose exchange reaction in the samples was determined before and
after the incubation by means of HPLC. Both in systems with tumor and normal tissue homogenates the reaction
of 2’-deoxyribose exchange between thymidine and 5-FU occurred resulting in equimolar production of 5-fluoro-2’-
deoxyuridine and thymine. In the model system containing adenosine free ribose-1-phosphate was formed; however,
the formation of nucleoside from 5-FU did not arise. It was also shown that mutual incubation of 5-FU and uridine
with gastric tissues homogenates did not result in the formation of 5-FUd. Among the examined natural nucleosides
it is only thymidine that serves as pentose phosphate source for the first step of the activation of 5-FU in gastric

adenocarcinoma and normal adjacent tissue.
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INTRODUCTION. Cytostatic drug 5-fluorouracil
(5-FU) was synthesized in the middle of the previous
century and since that time has been widely used for
treatment of different types of oncological diseases
including gastric cancer [1]. 5-FU itself is not an
active substance, however, being a prodrug which
is activated by transforming to different nucleotides
via several pathways:

1) addition of ribose-1-phosphate (rib-1-P) or
2'-deoxy-ribose-1-phosphate (d-rib-1-P) under the
action of thymidine phosphorylase (TP) or uridine
phosphorylase (UP). Traditionally UP is considered
to be specific only to ribonucleosides and TP —to
deoxyribonucleosides. However, researchers Kouni
et al. [2] have shown that in different tissues these
enzymes have different substrate specificity and
TP can catalyze the activation of 5-FU via addition
of d-rib-1-P;

2) direct transfer of ribose phosphate from
phosphoribosyl pyrophosphate (PRPP) to 5-FU
catalyzed by orotate phosphoribosyl transferase
[3, 4].

Taking in account the fact that 5-FU acts only
when transformed to active metabolites, the efficien-
cy of this drug is determined by the intensiveness
of its activation in human cells. First of all this para-
meter depends on the activity of the main metabolic
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enzymes of 5-FU — TP and UP. Various studies are
devoted to the research of these enzymes activity
or expression in different tissues and their relation
to the efficiency of 5-FU-based chemotherapeutic
regimens [5, 6].

Meanwhile, there is another factor which deter-
mines the rate of activation of 5-FU in the cell, namely
the presence of co-substrates essential for the action
of 5-FU activating enzymes, e.g. various pentose
phosphates and their donors. Pentose phosphates
in the cell are synthesized from naturally occurring
nucleosides or from glucose which is transformed to
ribose-5-phoshate in the pentose-phosphate path-
way. Further ribose-5-phospate binds to ATP to form
PRPP. Breakdown of the nucleosides results in the
formation of either rib-1-P or d-rib-1-P. [7]. The data
regarding the role of each of these pentose sources
for activation of 5-FU in various species are present
in the scientific literature but not properly systemized,;
moreover, the predominance of the activation path-
ways of 5-FU varies in different organisms [4, 7, 8]. It
is still unknown which sources of pentose phosphates
are used for the activation of 5-FU in gastric cancer-
ous and normal tissues. The aim of the present study
was to determine the naturally occurring nucleosides
which serve as pentose phosphate donators for the
first step of 5-FU activation in gastric adenocarcinoma
and normal adjacent tissue.
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METHODS OF RESEARCH. The natural
nucleosides: adenosine, thymidine and uridine were
used as the sources of pentose phosphates in the
present study. For the evaluation of their participa-
tion in the process of 5-FU activation we used the
model in vitro systems which contained one of the
abovementioned nucleosides, 5-FU and homoge-
nates of tumor or adjacent normal stomach mucosa.
Tissues were obtained during the gastrectomy in 10
patients (6 males) aged from 38 to 76 years old at
different stages of gastric cancer (T=2-4).

Reaction mixture consisted of 5-FU and nuc-
leoside (adenosine, thymidine or uridine) in the
equimolar concentration dissolved in the phosphate
buffer (pH=7.4) with mercaptoenthanol. Reaction
was initiated by the addition of tissue homogenate.
Immediately after initiation of the reaction as well
as in 45 minutes of incubation at 37 °C the reaction
was terminated by the addition of acetonitrile to the
samples. The precipitated protein was removed by
means of centrifugation of this mixture for 15 minu-
tes at 12 000 g. Then acetonitrile was extracted from
the samples by means of chloroform.

The concentrations of the initial reactants
(5-FU, adenosine, thymidine, uridine) and reaction
products (5-FUd, 5-FdUd, inosine, hypoxantine,
thymine, uracil) were determined using HPLC-
system (Konikrom, Spain) with UV-spectrometer at
260 nm. The typical chromatogram for the system
“5-FU+thymidine” incubated with homogenate of
gastric adenocarcinoma is presented in Figure 1.

The calculation of the concentrations of all me-
tabolites was performed using the calibration curves
constructed by 5 different concentrations of these
substances after the preparation described above.

RESULTS AND DISCUSSION. The incuba-
tion of the system containing adenosine and 5-FU

resulted in the accumulation of the products of
adenosine breakdown — inosine and hypoxantine,
5-FUd being barely formed (Figure 2).

In the homogenates of all patients the ac-
cumulation of reaction products and loss of initial
substrates was uniform; there were only differences
in the absolute values of concentration change. As
for example, in the system containing homogenate
of adenocarcinoma of patient A. the concentration of
adenosine decreased by (245.3+2.9) mcmol/l after
45 minutes of incubation, while the increase of inosi-
ne and hypoxantine level made up 60 % and 23 %
of adenosine loss respectively. The level of 5-FU
barely changed during the incubation, the delta of
its concentration amounted to (6.3+2.5) mcmol/l.
There was no statistical difference between the
changes of all metabolites concentrations in the
systems containing tumor tissue homogenates and
systems with normal tissue homogenates.

In the system “5-FU+thymidine” the significant
equimolar loss of initial metabolites concentration
and corresponding increase of the reaction products
— 5-FdUd and thymine was observed (Figure 3).

As exemplified in figure 3, in the system with
patient A.’s tumor tissue homogenate the loss of
5-FU and thymidine concentration amounted to
(98.0£3.0) and (91.3+4.3) mcmol/l respectively and
increase of 5-FdUd and thymine was (70.0+0.7) and
(77.0£0.8) mcmol/l respectively. The accumulation
of 5-FdUd and thymine was equimolar in all probes,
there were no statistical differences between these
values according to non-parametric Wilcoxon test.
For the tumor tissue the mean change of all metabo-
lites concentration was 30 % higher than in normal
adjacent mucosa, differences were statistically
significant at p<0.05.

Figure 4 presents the change of metabolites con-
centration in the system containing 5-FU and uridine.
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Figure 1. Typical chromatograms of the samples of system “5-FU+thymidine” before (*) and after (**) the incubation with

homogenate of gastric adenocarcinoma.
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Figure 2. Metabolites concentration before (0 min) and after
(45 min) the incubation of the system “5-FU+adenosine” with
homogenate of gastric adenocarcinoma of patient A.

For this system the increase of reaction pro-
ducts has not been detected in any probe. The
level of the initial substances slightly decreased in
all samples, for patient A. the change of 5-FU and
uridine concentration amounted to (5.0+3.5) and
(4.7£2.1) mcmoll/l.

The mechanism of reactions in the above de-
scribed systems for purine and pyrimidine nucleo-
sides differs in the number of stages and enzymes
involved in these processes. The cleavage of
adenosine to inosine and ammonia is catalyzed
by adenosine deaminase and further breakdown
of inosine to hypoxantine and rib-1-P is provided
by purine nucleoside phosphorylase. Rib-1-P ob-
tained as a result of inosine phosphorolysis may be
a substrate for 5-FU activation [4, 7]. As is proven
in the system “5-FU+adenosine” hypoxantine was
obviously synthesized hence the formation of rib-
1-P arose as well. In the meantime there was no
5-FUd increase observed therefore free rib-1-P had
not been attached to 5-FU. This fact proves that
5-FU activation by means of pentose phosphate
exchange with adenosine is impossible.
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Figure 4. Metabolites concentration before (0 min) and
after (45 min) the incubation of the system “5-FU+uridine” with
homogenate of gastric adenocarcinoma of patient A.
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Figure 3. Metabolites concentration before (0 min) and after
(45 min) the incubation of the system “5-FU+thymidine” with
homogenate of gastric adenocarcinoma of patient A.

For pyrimidine nucleosides ribose exchange
reactions are carried out in one stage whereas
pyrimidine nucleoside phosphorylases have both
phoshorylase and transferase activities, so they
are able to transfer pentose phosphates from one
pyrimidine base to another [9].

Results of the present study showed that
there was no rib-1-P exchange in the system
“5-FU+uridine”. Data from the similar study on Erlich
ascites carcinoma testify that interaction of 5-FU and
uridine led to the formation of active metabolites of
the drug [8]. It is obvious that in the present study
the enzymatic systems of gastric tissues were un-
able to transfer rib-1-P from uridine to 5-FU so the
reason of inconsistency of our data and results of
other authors was the usage of different tissues as
the research objects.

Atthe same time there was equimolar accumu-
lation of reaction products — 5-FdUd and thymine
in the system containing 5-FU and thymidine.
Whereas the loss of 5-FU in the presence of thy-
midine was an order greater than in the presence
of uridine. These facts give evidence that thymidine
is used by the cancer and normal gastric cells for
the activation of 5-FU. It is logically to opine that at
saturation of tissues with 5-FU which occurs e.g. at
intraarterial administration, this drug would “capture”
pentose from thymidine thereby depleting the pool
of this nucleoside in the cells.

Thymidine was the only nucleoside used in
the present study that contained the residue of
2'-deoxyribose. Since the cleavage of d-rib-1-P
is mainly catalyzed by TP the observed transfor-
mation of 5-FU in the presence of thymidine was
provided by the catalytic activity of this enzyme. As
is proven in this study the change of all metabolites
concentrations in the system “5-FU-+thymidine” with
tumor homogenate was significantly higher than in
the system with normal adjacent tissue homoge-
nate. It might be explained by the fact that in solid
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tumors in different cancer types the hyperexpres-
sion of TP in the comparison with normal tissues
is observed [9].

Itis known [10] that thymidine is used by cells for
the “salvage” pathway of thymidilate. That is why the
change of thymidine level may lead to the change
in the concentration of dTMP, dTDP and dTTP.
The well-known mechanism of action of 5-FAUMP
which is the active form of 5-FU involves inhibition
of thymidilate synthase that leads to the decrease
of the thymidine nucleotides amount and failure of
DNA synthesis [11]. However, as it was shown in the
present study 5-FU itself without transformation to
5-FdUMP is able to decrease the concentration of
thymidine thus eliminating the possibility of dTMP,
dTDP and dTTP synthesis. In other words, this
influence of 5-FU may be alternative to the gene-
rally accepted mechanisms of action of this drug
which is realized directly without biotransformation
to active metabolites.

On the other hand, the pharmacological
modulation of 5-FU metabolism based on usage
of various sources of pentose phosphates provides
the increase of its clinical effectiveness. Investiga-
tion of the possibility of 5-FU effects modulation
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M. A. Ctawkesud, C. B. 3a6niues
HALIOHA/TbHWA MEANYHNIA YHIBEPCUTET IMEHI O. O. BOrOMO/IbLA, KUIB

POJIb PI3HUX HYK/TEO3U/IB B AKTUBAIIII 5-®@TOPYPALIATY
TP AAEHOKAPIIMHOMI HIIJTYHKA

Pesiome

OcHoB8HI wiaisixu biompaHcghopmayii npomunyx/iuHHoO20 npenapamy 5-gpmopypayusy (5-®Y) skiodaroms (1020
repemsopeHHs1 Ha akmusHi Memabo/limu W/IIXoM MPUEGHaHHST MPUPOOHUX neHmo3oghocghamis. Bioomo, wo 8
PIi3HUX MKaHUHax Pi3Hi HyK/1eo3uou C/1y2yroms 00HopamMu neHmosoghocghamis 07151 akmusayii 5-dY. Memoro yb020
00c1idXKeHHs1 6y/10 BU3HaYUMU O)epesia neHmosoghocghamis, sKi BUKOPUCMOBYOMbLCS KAIMUHaMuU adeHoKapyu-
HOMU ma HOpMaslbHOI CYyMIKHOI C/1U30801 060/10HKU W/TyHKa 0151 Memabos1iYHOT mpaHcghopmayii 5-dY. Nposodusiu
iHKy6ayito 5-®Y 3 00HUM i3 HyK/1e03UdiB (a0eHO3UHOM, MUMIOUHOM ma ypUdUHOM) in Vitro npu dodasaHHi 20Mo2eHamy
MyX/IUHHOT ab0 CYyMIKHOI MKaHUHU, ompuMaHux 8i0 nayieHmis 3 a0eHOKapUyUHOMOK W/TyHKa. KoHyeHmpayiro
BUXIOHUX pe4yoBUH ma rnpooykmis peakyii 06MiHy neHmo3oghochamamu BusHa4asu 0o i nicssi iHKy6ayii npo6
memoodom BEPX. 5lk y cucmemi 3 20Mo2eHamoMm nyxX/IUHHOT MKaHUHU, MakK i 8 CUCMEMI 3 HOPMaslbHO C/IU30B0H0
0060/10HKOK W/TyHKa BidbyBasiack peakyisi 06MiHy 2'-0e30Kcupub030-1-ghocchamom Mk mumiouHom i 5-dY, sika
rpu3sodusia 00 eKBIMO/ISIPHO20 MPUPOCMYy KOHYeHmpauii 5-gomop-2'-0e30KkcuypuduHy ma mumiHy. B mooesibHili
cucmemi, sika Micmusia a0eHO3UH, ymBoproBascs Bi/ibHUU pub030-1-ghoccham, 0OHaK npu YboMy He criocmepieasiu
riepemsopeHHs 5-dY Ha Hyk/1eo3ud. Ipu cymicHIl iHKy6ayii 5-®Y 3 ypuduHOM ma 20Mo2eHamamu MKaHUH W/1yHKa
He BidbyBsasiocsi cuHme3sy 5-gpmopypuduHy. Ceped 00C/IOXEeHUX NPUPOOHUX HYK/1eo3udis iuwie muMiouH cryaye
odxxepesioMm neHmo3oghocghamy 07151 nepuwio2o emarly akmusauyii 5-®Y 8 adeHokapyUHOMI ma HopMasibHIl ¢/1u308itl
060/10HY W/TYHKA.

KNKOYOBI CNOBA: 5-chtopypayui, neHtozodhocdart, ageHoKapLyMHOMa, HyK/1eo3ng,.

M. A. CtawkeBuu, C. B. 3a61u1ueB
HALIMOHA/TbHbIVI MEAVLIMHCKUIA YHUBEPCUTET UMEHU A. A. BOTOMO/IbLA, KUEB

POJIb PA3HBIX HYKJ/IEO3N10B B AKTUBALIIU 5-®TOPYPALINJIA
TP AREHOKAPIITMHOME XEJIYIKA

Pestome

OcHosHble nymu buomparcghopmayuu rmpomusooilyxoneso20 npenapama 5-gpmopypayuna (5-dY) skaodarom
€20 npespauwjeHue 8 akmusHble Memabosiumsl Mymem fMpuCOeoOUHeHUs eCMeCcmBeHHbIX MeHMo30ghocghamos.
Vi38ecmHO, 4mMo 8 pasHbIX MKaHsIX pa3Hble HyK1eo3uobl C/1yam AoHopaMu neHmosoghocghamos 0711 akmusayuu
5-Y. L{e/bio amoeo ucc/1edo8aHusi 6b1/10 0rnpedesums UCMOYHUKU MEHMOo30¢hocghamos, Komopbie UCTO/Tb3YHmcs
K/iemkamu adeHOKapYUHOMbI U HOPM&a/IbHOU CMEXHOU ciu3ucmoli 060/104KU xesyoka 07151 Memabosiudeckoll mpaHc-
popmayuu 5-dY. MNMposodunu uHKybayur 5-dY ¢ 00HUM U3 HyK1e03Uud08 (a0eHO3UHOM, MUMUGUHOM U YPUOUHOM)
in vitro npu dobas/ieHuU 20Mo2eHama oryxos1esol U/iu CMEeXHOU MKaHU, Mosly4eHHbIX 0m nayueHmos ¢ adeHokap-
yuHomolu xesnyoka. KoHyeHmpayuro UCXoO0HbIX Bewjecms U npoodyKmos peakyuu obmMeHa rneHmo3oghocghamamu
onpedesisi/iu A0 U roc/ie UHKybayuu npob memodom BOPX. Kak 8 cucmeme u3 20Mo2eHaImoM oryxo/siesol mkaHu,
mak u 8 cucmeme ¢ HopmasibHoU ciusucmot 060/104KoU Xesyoka npoucxodusia peakyusi obmMeHa 2’-0e30Kkcupub030-
1-cpbocchamom mexdy mumuduHom u 5-®Y, komopasi npusodusia K IKBUMOJISIPHOMY 1pupocmy KOHyeHmpayuu
5-ghmop-2’-0e30KcuypuduHa U mumMuHa. B modesibHol cucmeme, kKomopasi cooepxasia a0eHO3UH, 06pa30BbIBasICS
CBOHOOHLIU pub030-1-chocgham, 0GHaKO rpu 3MoM He Hab/1rdasiu rnpespawyeHus 5-®Y 8 Hykneosud. Npu cosmecm-
HOU UHKy6ayuu 5-®Y ¢ ypuduHom u 20Mo2eHamamu mkaHel xe/1yoKka He npoucxoousio cuHmesa 5-¢cpmopypuduHa.
Cpedu uccsiedosaHHbIX €CMecmBeHHbIX HyK/1eo03ud08 utb MUMUOUH C/1yXUm UCMOYHUKOM neHmo3soghocghama
0719 Nepso20 amana akmusayuu 5-®Y 8 adeHokapyuHoMe U HopMasibHOU c/u3ucmoli 060/104Ke xeryoka.

KMHOYEBBLIE C/NNOBA: 5-chTopypauun, neHTo3odocdat, ageHOKapLuUuHOMa, HyKNeosng.
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