ORIGINAL ARTICLES

School of the Health Services', Gazi University, Ankara, Turkey and Institute of Pharmacy?, Humboldt-University, Berlin,

Germany

In vitro effects of selected flavonoids on the 5'-nucleotidase activity
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A series of structurally related flavonoids and related compounds were evaluated whether they have inhibitory properties
on the 5'-nucleotidase (5'-ribonucleotide phosphohydrolase; EC 3.1.3.5, 5'-NT) activity. Some of the flavonoids tested
inhibit the enzyme such as quercetin, morin, apigenin, chrysin, myricetin, luteolin, diosmetin, (£)naringenin and diosmin.
Rutin, naringin, hyperosid, (+)catechin, caffeic acid and rosmarinic acid had no inhibitory effect on the 5'-NT activity.
Myricetin and quercetin were the most potent inhibitors for 5'-NT with ICsq values of 1.1 and 1.4 uM, respectively.
Kinetic analysis showed a mixed type of inhibitor for both myricetin (K; =1.5uM at pH 7.45), and quercetin
(Ki =0.6uM at pH 7.45). The K, value for 5'-adenosine monophosphate (5-AMP) was determined with 77 uM at
pH 7.45. The differential inhibitory potencies of flavonoids seem to be structurally related (hydroxylation pattern). The
results demonstrate that some flavonoids are strong inhibitors of 5-NT activity which can be correlated to their pharmaco-

logical effects.

1. Introduction

Flavonoids are phenolic compounds found in several
fruits, plants and vegetables, which have variable effects
on the living system [1, 2]. They are universally present
as pigments in aerial parts of plants and integral part of
the human diet. It has been known for a long time that
they have low mammalian toxicity and remarkable antiin-
flammatory, antiallergic, antianginal and spasmolytic activ-
ities [3]. In previous studies, it has been established that
some flavonoids were able to reduce ischaemic myocar-
dial size [4]; others have antineoplastic properties [5].
They have also been shown to have cytotoxic [6], antimi-
crobial [7, 8], antiviral [9], but also mutagenic [8, 10] and
carcinogenic [6, 8] activity.

Important biologic activities displayed by flavonoids are
inhibitory effects on the enzyme systems critically in-
volved in the initiation and maintenance of the inflamma-
tory and immune response including several kinases, phos-
pholipases, lipoxygenases and cyclooxygenases [5, 11,
12]. Biochemical investigations of the mechanisms of the
whole-organism toxicity of the flavonoids have shown that
they inhibit a wide variety of enzyme systems, including
ATPase [7, 8, 10, 13, 14], xanthine oxidase [15] and ade-
nosine deaminase [16, 17].

DNA turn-over enzymes are included in the purine and
pyrimidine metabolism. Of them, Adenosine deaminase
(ADA), 5'-Nucleotidase (5'-NT), Purine nucleotid phos-
phorylase (PNP), Guanase (GUA), Xanthine oxidase (XO)
and  Hypoxanthine-guanine = phosphoribosyltransferase
(HGPRT) have key functions in catabolic and salvage
pathway of nucleotides. Therefore, the activities of these
enzymes in cancer processes are changed in significant
pattern due to specific metabolic conditions.

As far as we know, no attempt has been made until now
to investigate effects of flavonoids on the 5'-NT activity.
In the present study we investigated the effect of several
flavonoids and related compounds on this enzyme as one
of the key enzyme in the DNA turn-over. Additionally, it
was the aim of this study to find structures connected with
inhibitory properties.

2. Investigations and results

The result of a screening regarding the effect of flavonoids
and related compounds on 5'-NT activity is shown in the
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Table, listing the substances in their rank order of potency
as inhibitors of 5'-NT activity. Fig. 1 demonstrates the
comparison of 4 selected flavonoids in the inhibition assay
indicating that all ICsg values are in the range between 1
and 10 uM. Myricetin and quercetin, with ICsy of 1.1 and
1.4 uM, respectively, were the most potent inhibitors
among the flavonoids tested, while diosmin at concentra-
tions up to 100 uM was the weakest compound. The gly-
cosidic flavonoids did not inhibit the enzyme or only very
weak. Our studies also demonstrated that myricetin and
quercetin showed mixed type inhibition (changes in both
Kmn and Vy,, Fig.2). Myricetin had a K; = 1.5uM at
pH 7.45, and for quercetin a K; of 0.6 uM at pH 7.45 was
determined. The K, value for 5'-adenosine monophos-
phate (5'-AMP) was calculated with 77 uM at pH 7.45.

3. Discussion

Hydrolysis of nucleoside 5’-monophosphates at different
evolutionary levels and within different cellular systems
and pools serves varying physiological functions. 5'-NT
represents the final enzymatic step within a cascade that
leads from ATP to the nucleoside which is used for the
salvage of nucleotides. The role of the nucleoside which is

Table: Maximal inhibition of 5-NT by selected flavonoids
and related compounds

Test substance Maximal inhibition 1Csp (uM)
in % (mean £+ SD)

Myricetin 92.5+0.5 1.1
Quercetin 83.5+2.7 14
Luteolin 89.7+£0.6 1.8
Morin 949+ 1.5 3.5
Apigenin 74.0£24 11.4
Chrysin 62.0+3.9 23.2
Diosmetin 60.4+2.4 38.7
(£)-Naringenin 472+ 1.5 n.d.
Diosmin 43.6 +1.7 n.d.
Rutin No effect

Naringin No effect

Hyperosid No effect

(&)-Catechin No effect

Caffeic acid No effect

Rosmarinic acid No effect

All compounds were tested up to a maximal concentration of 100 uM, with the excep-
tion of quercetin (10 uM). n.d. = no determined
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Fig. 1:
Dose-dependent inhibition of 5'-NT activity by selected flavo-
noids

used for the salvage of nucleotides. The role of the cyto-
plasmic 5'-NT is connected to intracelluar degradation of
ATP via AMP to adenosine or via IMP to inosine. These
enzymes are thought to be of particular functional impor-
tance in situations leading to lowered energy charge such
as increased work load, anoxia or ischaemia. The AMP
concentration within the cells needs to be under control to
prevent free interconversion of AMP, ADP and ATP by
adenylate kinase as well as excessive activation of glyco-
gen mobilization and glycolysis [18]. Together with the
significance of 5'-NT in DNA turn-over the dephosphory-
lation activity seems to be an interesting point of attack in
the regulation of metabolic processes. The enzyme cata-
lyzes the dephosphorylation of purine and pyrimidine
ribo- and deoxyribonucleoside 5’-monophosphates. It is
present as both cytoplasmic- and membrane-associated
form in bacterial, plant and vertebrate cells [18]. Extracel-
lular production of adenosine by membrane associated 5'-
NT is linked to a number of adenosine receptor-mediated
events, such as vasodilation [19, 20], glomerular filtration
rate [21], or inflammatory response [22]. Cytoplasmic 5'-
NT is involved in regulating intracellular levels of nucleo-
tides, as well as in controlling the secretion of adenosine
[18].

Flavonoids are a ubiquitous family of secondary products
that serve to protect plants from environmental stress. The
biologic effects of flavonoids in mammalians have been
studied for over about 60 years [23]. Active flavonoids
tend to inhibit cell activation at various levels. It has been

shown that flavonoids are capable of protecting the lysis
of human erythrocytes following photosensitized oxidation
[24]. A number of flavonoids have also been found to
scavenge free radicals directly and to inhibit lipid peroxi-
dation [25, 26]. Many flavonoids, such as quercetin, inhi-
bit protein kinase C in the uM range. Inhibition of many
other mammalian enzymes by flavonoids has been studied
[14, 17]. Some flavonoids are carcinogenic and turn on
genes or activate cells via fatty acid mobilization. It is
also clear that some of the biologic effects of flavonoids
are not fully explicable by any previously identified me-
chanism. Recently, some synthetic and semisynthetic che-
micals having inhibitory activities on enzymes included in
the DNA turnover have been used as antineoplastic drugs
[27-29]. Therefore, the discovery of new natural chemi-
cals having inhibitory activities on these enzymes seems
to be of importance. Some previous studies suggest that
flavonoids have these kinds of functions [14, 30].
Lymphocytes show very low levels of purine de novo bio-
synthesis and by that they are dependent on the purine
salvage pathway [31]. In this regard, 5'-NT has drawn
special attention. Deficiencies in 5'-NT activity have been
studied in several disease states, including hemolytic ane-
mia, multiple myeloma and hairy cell, chronic B-lympho-
cytic and acute lymphoblastic leukemia and different type
cancerous human tissues [32-36].

Because of their central role in maintaining intracellular
levels of nucleoside 5’-monophosphates and extracellular
levels of adenosine, cytoplasmic and membrane-associated

Fig. 2:

Effect of myricetin and quercetin on substrate-dependent
determination of 5'-NT activity (Lineweaver-Burk-Plot,
linear regression of the single points) O without inhibi-
tor; @ plus 1 uM myricetin; A plus 1.5 uM quercetin
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5'-NT have been important targets of pharmaceutical re-
search. Flavonoids like quercetin, myricetin and luteolin
which inhibit efficiently the 5-NT with ICsy values in the
range of 1 to 2 uM influence the immunological system as
well as cancer induction and progression. One possible
mechanism included in a network of beneficial effects of
flavonoids might be the inhibition of 5'-NT activity.

4. Experimental
4.1. Materials

The flavonoids and related compounds were purchased from Roth (Karls-
ruhe, FRG), all other chemicals were supplied by Sigma (Deisenhofen,
FRG). All reagents were of analytical reagent grade; throughout the experi-
ments bidestilled water was used.

4.2. 5'-Nucleotidase activity assay procedure

5'-NT was purchased from Sigma (from Crotalus atrox venom, partially
purified lyophilized powder, 330 IU/mg protein). Determination of 5'-NT
activity and the inhibitor studies were carried out using a method for the
determination of inorganic phosphate described by Kyaw et al. [37]. The
assay medium was a Tris-HCI buffer containing 50 mM pH 7.45, 10 mM
MgSOy4, 60 mM NaCl, 5 mM KCI and 10 mM NaNj3. Briefly, 500 ul assay
buffer containing the appropriate concentration of AMP (2 mM) and the
inhibitor were incubated for 30 min at 37 °C. After that, 500 ul Triton X-
100 (7.5%) and 500 ul ammonium molybdate (3.75% in 10 M H,SOy4)
were added and vortexed. In this assay, the liberated inorganic phosphor-
ous from 5'-AMP was measured spectrophotometrically at 375 nm after
the color reaction between inorganic phosphate and acidified ammonium
molybdate in the presence of Triton X-100. 5'-NT activity was expressed
in international units per liter.

4.3. Preparation of flavonoid solutions

The flavonoids were dissolved in dimethylsulfoxide (DMSO) making a
stock solution, which was diluted approx. 100fold in the assay. At this
concentration DMSO had no effect on 5'-NT activity as tested in control
experiments.

4.4. Statistics

All experiments were done in duplicate or triplicate with 3 parallel sam-
ples. The ICsy, K, and K; values were estimated by the linear regression
analyses of 5'-NT activity versus 5'-AMP or flavonoid concentration using
Slide WriteR program.
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