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Abstract: Different concentrations of the methylxanthine/purine analogues aminophylline and 61-tartrat, were tested on in
vitro-incubated embryonic avian cells from duck line DEC 99, as well as of mammalian embryonic cells from bovine line
EBTr and mouse fibroblast line 3T3. In all cases, the CC50/ml cell suspension, presenting the cytotoxic concentration, in
which were observed 50% death or changes, was determined. On the avian embryonic cells, the determined values of the
methylxantine/purine analogues were 2.4x 10−6 M/L about the aminophylline and 2.1x 10−6 M/L about the 61-tartrat. The
assessed CC50/mL of the same compounds on the mammalian cells were 2.4x 10−5 M/L about the aminophylline and 2.1x
10−5 M/L about the 61-tartrat, respectively. The embryonic mammalian cells were more resistant to both substances than the
embryonic avian cells. On the other hand, the assessed values of both CC50/ml and maximal non-toxic concentration (MNC -
in which no cellular mortality or other changes can be detected) of each one of the two methylxantine/purine analogues were
very near about EBTr and 3T3 mammalian cell lines, and the mouse cells, which are proved as widely used experimental in
vitro-model, showed some advantages in both cases. In this way, the current data suggest a possibility about application of
methylxantine/purine derivatives about genetic and/or epigenetic reparations, on DNA- and mRNA-levels of low differentiated
mammalian cells.

Key Words: Mammalian embryonic cells, Avian embryonic cells, Methylxantine/purine derivatives, Possibilities about
genetic and epigenetic reparations

I. INTRODUCTION

In the last years, an important role of DNA base modifica-
tions has been proposed in the regulation of genome pro-
cesses by directly modulating DNA double helix stability to
impede (cytosine methylation) or facilitate (methylation oxi-
dation) access and unwinding of double-stranded DNA [1]–
[3]. Other recent data have revealed the role of nucleotide and
nucleoside modifications on the functions of RNA-transcripts
(mRNAs), as well as on some transport RNAs, influencing in
this way physiological and pathological processes [4]. Re-
cently, p16 gene promoter methylation has been determined
as a diagnostic marker in cancer of lung cancer [5]. The
influence of synthetic nucleotide analogs on the stability of
polymorphic G-quadruplexes has been proved as usable in
engineering a required stable G-quadriplex topology, thus
providing indications about different cellular events [6].

Besides their role as monomeric precursors of nucleic

acids DNA and RNA, purines have been found to perform
many other important functions in the cell, as modulation
of energy metabolism and signal transduction, structural
components of some co-enzymes and in the physiology of
platelets, muscles, neurotransmission, but also about the pro-
cesses of growth, proliferation and survival of all types of
cells [7]. In normal physiological conditions the enzymes
involved in the purine metabolism maintain in the cell a
balanced ratio between their synthesis and degradation. Uric
acid has been proved as the final compound of purines
catabolism only in humans, unlike in the all other mammals,
possessing the enzyme uricase, which has been found to con-
vert the uric acid to easily eliminated through urine allantoin.
The over-production of uric acid has been established to lead
to some human diseases as podagra, as well as kidney and
cardiovascular disorders, including vascular inflammation
and atherosclerosis, and as a main diagnostic marker has been
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determined the increased serum levels. All other mammals
possess the enzyme uricase that converts uric acid to allantoin
that is easily eliminated through urine.

As the most relevant pathway, promissing significant per-
spectives for a better pharmacological approach in the treat-
ment of hyperuricemia-related vascular and non-vascular
pathologies, has been suggested the enzyme xanthine ox-
idoreductase (XOR), catalyzing the two terminal reactions
of purine catabolism in humans. In-depth studies on the
metabolism of nucleotides in the last years have revealed
their participation in many metabolic processes, influencing
in this way many key functions, including enhanced immune
response [8]. In this way, targeting nucleotide metabolism
gives a possibility about indirect anti-microbial and anti-
malignant reaction by indirect pathways as for instance (1)
immune response update by maintaining the concentrations
of necessary metabolites as adenosine and/or ATP, (2) in-
creased mutability and genomic instability by disrupting
the purine and pyrimidine pool, and (3) by influencing
of various regulation mechanisms By application of tar-
geting nucleotide metabolism combined with immunother-
apy have achieved successful preclinical results have been
achieved. A cellular signaling pathway, co-responding to var-
ious extra-cellular DNA-derived metabolites, coupling nucle-
oside catabolism to cellular IFN-β production by adenosine
deaminases has recently been proved [9].

De novo-synthesis of nucleotides generates many impor-
tant substances as for instance nucleoside monophosphates
(AMP, UMP, etc.), further processing to all purine and pyrim-
idine nucleotides involved in multiple cellular processes, in-
cluding the synthesis of nucleic acids (DNAs and RNAs). In
opposite, catabolism of these compounds results in formation
of nucleosides, which are further degraded by nucleoside
hydrolase to nucleotide bases. Nucleosides and nucleotide
bases can be exchanged between cells and tissues by var-
ious transport proteins. Among the best biological systems
about both intense nucleoside metabolism and metabolism-
independent uptake to terminate neuromodulator effects of
nucleosides (as adenosine and guanosine) have been deter-
mined the astrocytes [10].

Astrocytes synthesize the nucleotides AMP, ADP and ATP
from the nucleoside adenosine, as well as the nucleotide
GTP from the nucleoside guanosine, respectively, but on
the other hand, adenosine and guanosine perform functions
as neuromodulators. In this relation, by tritiated thymidine,
formycin B, guanosine and adenosine has been demonstrated
a fast diffusional uptake of all four nucleosides, as well as
a slight, Na+-independent and probably metabolism-driven
uptake of thymidine (consistent with DNA-synthesis), active
metabolism-driven uptake of guanosine (consistent with syn-
thesis of DNA, RNA, but also GTP) and of adenosine (con-
sistent with rapid nucleotide synthesis) and Na+-dependent
uptake of adenosine (consistent with its concentrative uptake)
and guanosine, rendering neuromodulator uptake indepen-
dent of nucleoside metabolism. In in vitro-incubated primary
cultures of astrocytes and neurons, guanine and guanosine

have been taken up into both types of cells by the equilibra-
tive nucleoside transporter 2 (ENT2), and their extra-cellular
concentrations have been regulated mainly by astrocytes to
maintain brain physiology [11].

Astrocytes as cells supplemented with various receptors
for neurotransmitters and neurohormones, which allows in
respective appropriate activation triggering of intra-cellular
signals mediated besides by ions as by Ca2+, Na+, also by
some nucleotides as cyclic AMP (cAMP). Different pro-
teins, which are involved in the control of nucleotides and
nucleosides homeostasis in the brain, suggest possibilities
about the development of new therapeutic strategies against
neurodegenerative diseases and the associated with them
[12]. The movement of nucleosides and nucleic bases across
the cellular membranes is facilitated by the nucleoside trans-
porter proteins (NTPs), which function and activity could be
regulated by various factors [13]. NTP-mediated transport
has been determined as vital for the synthesis of nucleic
acids in cells with lacking de novo-purine synthesis. These
proteins have also been proposed to play physiological role in
the transcriptomic response triggered by nucleoside analogs
in malignant cells [14]. Purinergic signaling has also been
characterized as an important regulatory mechanism in many
different diseases and biological functions, with important
implications for blood and vascular disorders [15].

Despite nucleotides and nucleosides are famous for their
intra-cellular role as building "blocks" for the genetic code
and/or cellular energy currencies, in the extra-cellular space
they have primarily been established as signaling molecules
by activation of purinergic receptors. A key role of activated
by adenosine and ATP receptors in the myocardium cells
has been suggested in chronic heart failure, ischemia and
reperfusion, but on the other hand, in cardiac protection
against myocardial infarction and arrhythmias [16]. Addi-
tionally, many adenoside and ATP receptor have been found
to regulate the fate of stem/progenitor cells to proliferation,
or to senescence and apoptosis, respectively, by decreasing
p53 and Rb through cAMP-PKA/Rac1/p38 MAPK pathway
[17].

The role of purinergic signals about the liver homeostasis,
restriction of inflammation, stimulation of liver regenera-
tion, modulation of fibrogenesis, has also been discussed,
and thus, development of targeted therapeutic strategies
against liver diseases based on purinergic signals by blocking
of nucleotide receptors, by enhancement of ectonucleoside
triphosphate diphosphohydrolase activity and/or by activa-
tion of adenosine receptors. Guanosine triphosphatases (GT-
Pases), belonging to the Rho-family, have been proved to
regulate cellular signaling and cytoskeletal dynamics, thus
playing a pivotal role in the processes of cellular adhe-
sion, migration and cell cycle progression, and pathogenic
variations, affecting these biological processes, have been
implicated in various neurodevelopmental pathologies. Ad-
ditionally, the modulation of purinergic signaling has been
proposed as a novel approach to preventing or diminishing
of fibrosis in injuries of internal tissues and organs, including
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in the maintenance of the functions of the intestinal mucosa,
bone marrow hematopoietic stem cells (HSCs) and immune
system [18].

The influence of many nucleotide analogs on the secre-
tion of vascular endothelial growth factor (VEGF) by ker-
atinocytes and fibroblasts, but also their influence on the
viability and proliferation of keratinocytes, fibroblasts and
endothelial cells have also been analyzed [19]. Nucleotide
metabolism supports the processes of DNA-replication and
RNA-synthesis, enabling in this way cell growth and divi-
sion/proliferation, which have been inhibited in nucleotide
depletion and disbalance [20]. According to the same au-
thors, imbalanced nucleotide levels are not detected until S
phase, rendering cells reliant on replication stress signaling
to cope with this metabolic problem, which leads to disrupted
coordination of cellular growth and division. As particularly
important about the balance of phosphates in the nucleotides
has been proved Mg2+ - 1.1 mM of the free Mg2+ and 8.0
mM of the bound in complexes with Mg, respectively [21].

The molecular design, synthesis and functional evaluation
are described triplex-forming oligonucleotides, 2-amino-2’-
deoxy-nebularine derivatives (novel artificial nucleoside ana-
logues), have been similarly described and proceeded [22].
Duplex DNA, bearing the 5-methyl-2’-deoxycytosine and
2’-deoxyguanosine base pair has recently been recognized
by triplex DNA formation. On this basis, triplex-forming
oligonucleotides have suggested a possibility about molec-
ular design, synthesis and functional evaluation. Differences
in this balance in the different cellular compartments have
been assessed for instance, these values have been found to
be between the cytoplasm and mitochondria, but not between
the cytoplasm and the nucleus. A general strategy about the
incorporation of modified nucleosides into the cellular RNA,
expanding the chemical toolkit of modified bases for study-
ing dynamic RNA-behavior in the living cells, has recently
been proposed [23].

The concentration changes of nucleosides and nucleotides
in biological samples have shown possibility about appli-
cation about discovery of pathological events and/or about
elucidation of disease mechanisms [24], including in the
different types of malignancies [25]. For this goal the authors
have used phase chromatography-mass spectrometry (LC-
MS) method for simultaneous quantification. On this basis,
opportunities nucleoside analogues to target specific gene
expression have been proposed [26]. Recent works have been
directed to the application of click chemistry methodology
in the field of nucleosides, nucleotides and nucleic acids
about pharmacological applications [27]. Tissue-specific and
condition-specific expression patterns have been suggested
among the promising tools for nucleic acid-based therapeutic
applications to increase potency, duration and safety have
been proposed the 2’-F/Me nucleotides [28].

As the most prevalent, abundant and conserved internal co-
transcriptional modification in eukaryotic RNAs, especially
within higher eukaryotic cells, has again been characterized
N6-methyladenosine (m6A), in both normal functions and

pathologies [29] in the regulation of immune system and
autoimmune diseases [30], but also in many disabilities,
malignancies [31], [32], including leukemias [33], congenital
dysplasia [34] and in aging regulation [35], but on the other
hand, this modification has been determined as biomarkers
and therapeutic targets. The role of m6A modification and
coded by it proteins, as well as regulators of the pathways,
in which they participate, in autophagy-related mechanisms
has been shown [36]. As one of the main mechanisms of
action has been established to be by selection of crucial
to alternative splicing degenerate 5’-splice sites (by small
non-coding RNA m6A (snRNA m6A) [37]. Aberrant m6A
methylation has been proved in many in cardiovascular dis-
eases (CVDs), including cardiac hypertrophy, heart failure,
arterial aneurysm, vascular calcification and pulmonary hy-
pertension [38]. The restoration of the m6A modification
balance via targeting specific imbalanced regulators has been
proposed as a new anti-malignant strategy [39].

II. MATERIALS AND METHODS

A. CELL CULRUTES

Avian and mammalian embryonic cells from lines DEC 99,
EBTr and 3T3, derived from duck embryo, embryonic bovine
trachea and mouse embryonic fibroblasts, respectively, were
incubated in a humidified 5% CO2/95% air incubator at
37◦C. Cells of all types (in initial volume 3x104 on 1 ml
cultural fluid) were routinely grown in a growth medium,
a combination of Parker-E199 (Sigma) and Iskov’s modi-
fication of Dulbecco’s medium (IMDM - Sigma), in ratio
1:1, supplemented with 25 mM HEPES buffer (Sigma), 5%
normal bovine serum (Sigma), and antibiotics in volumes
(100 IU/ml Penicillin - Sigma and 100 µg/ml Streptomycin -
Sigma) were added.

B. DETERMINATION OF THE VALUES OF MND AND
CC50 OF IN VITRO-INCUBATED EMBRYONIC CELLS

Semi-confluent monolayers of all cellular types were treated
with different dilutions of the methylxantine/purine deriva-
tives aminophylline (Sigma) and 61-tartrat (Sigma), and the
values of both maximal non-toxic concentration (MNC) (the
highest concentration of the respective tested substance, in
which no cellular mortality or other changes can be detected)
and CC50/ml cell suspension (in which 50% of the treated in
vitro-incubated cells were dead or changed were determined.
For this goal, gradual dilutions of each one of the substances
were previously prepared. All cells were observed under
invert microscope Televal at 24-hour intervals. The cellular
viability cells was assessed by Trypan Blue Dye Exclusion
Test, after trypsinization and resuspendation. The test is
based on the capability of the intact membranes of the viable
cells to exclude the dye, unlike the unviable (dead) cells [40]:
%cell viability = total number of viable cells per 1 ml cell suspension

total number of cells per 1 ml cell suspension ×
100.
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FIGURE 1: CD50/ml of the methylxantine/purine derivatives
aminophylline (A) and 61-Tartrat (B) on the mammalian
embryonic cells from lines EBTr and 3T3 and % of cell
viability in different concentrations of each one of the two
compounds on each one of the two mammalian cellular types

FIGURE 2: Maximal non-toxic concentrations (MNC) of
the methylxantine/purine derivatives aminophylline and 61-
Tartrat on the embryonic mammalian cell lines EBTr and 3T3

III. RESULTS AND DISCUSSIONS
The embryonic mammalian/bovine cells were more resistant
to the two tested compounds than the embryonic avian/duck
cells (Table 1).

Despite of the near values of the CC50/ml (the concen-
tration, in which can be detected 50% mortality or other
changes in the treated cells) and the MNC (Figure 1) and
of the CC50/ml (Figure 2) of each one of the two methylx-
antine/purine analogues were near about both EBTr and
3T3 mammalian cell lines, the mouse cells showed some
advantages in both cases.

Identical elements in embryonic cells from the same three
species have been established in the so called conserved
regions (CRs) of homology, and as a prove about this has
been determined the noted high number of CCC(A/T)CCC
motifs, which are localized in the Oct-4 upstream promoter
sequences of the cellular genomes [41]. On the other hand,
high degree of homology in many germline genes between
cattle and mouse has been revealed [42]. Messages about

conserved transcriptomic characteristics between human and
cattle [43], as well as between human and mouse [44] have
recently been received.

As a usable strategy about reduction the toxicity of nucle-
oside and nucleotide analogues in their applications as drugs,
has recently been proposed their delivery into nanoparticles
[45]. The separate fragments (small azide compounds) have
been found to cause small perturbations to the geometry of
the azide moiety, but they apparently alter atomic charge
distributions and molecular electrostatic potentials, unlike
the whole molecule of AZT [46]. Taking all these features
in consideration, in the last years, nucleic-acid-based small
molecule and oligonucleotide therapies have been deter-
mined as attractive topics due to their potential for effective
target of various disease-related modules and specific control
of specific gene expression in respective disease, but also in a
concrete organism [47]. Although all the chiral centers in the
backbone have been characterized as mirror converted of the
natural D-nucleic acids, the L-nucleic acids have been found
to be equipped with the same nucleobases (A, G, C and U in
RNA or T in DNA, respectively), which have been charac-
terized as critical to be maintained the programmability and
to form adaptable tertiary structures for target binding in the
processes of replication and transcription.

By taking in consideration the functions of particularly
nucleotides as metabolites and regulatory molecules in the
epigenetic regulation and biological processes, a key role of
metabolism in epigenetics as a critical regulator of biological
events has been underlined [48]. Different mechanisms, by
which DNA-modifications and damage might perturb the
epigenetic patterns have been proved [49].

The replacement of C with base analogs, leading in this
way to appearance of inhibitory complexes with methyltrans-
ferases has been found to alter modestly the methyl-binding
domain (MBD) affinity and thus, perturbing the MBD-DNA
binding, which has proposed that these analogues probably
perturb the epigenetic patterns mainly by direct inhibition of
the methyltransferases. In opposite, base analogues with an
increased tendency to form base mis-pairs (as BrU), have
been suggested to cause epigenetic changes by enhanced
MBD-DNA binding, but not through direct influences on
the methyltransferases. Unlike the large DNA- and RNA-
molecules, these substances have shown comparatively easy
transport through the blood-testicular barrier (BTB) [50],
blood-intestinal barrier (BIB) [51] and blood-brain barrier
(BBB) [52]. Dietary nucleotides supplementation has also
been found to support the antioxidant status and by pre-
vention of the intra-uterine growth retardation (IUGR) on
the oxidative status and mitochondria DNA damage through
improving both non-enzymatic and enzymatic antioxidant
capacities as well as mitochondria biogenesis [53].

The different chemical modifications, which have been
identified in the cellular nucleic acids and in particular in
the various types of cellular RNAs have been presented as
a new level in the control of genetic information [54]. Such
modifications in the mRNAs could affect protein production
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CC50/ml Dilutions Aminophylline (mg/ml) Dilutions 61-Tartrat (mg/ml)
avian cells from duck embryo cell line DEC 99 2.4 x 10-6 2.1 x 10-6

mammalian cells from embryonic bovine trachea cell line EBTr 2.4 x 10-5 2.1 x 10-5

TABLE 1: Cytotoxicity and CC50/ml of the tested methylxanthine/purine derivatives on in vitro-incubated cultures of avian
cells from duck embryo and mammalian cells from bovine embryo

by influencing the splicing, and/or translation, and decay
rates through various mechanisms. The tRNAs and rRNAs
have been found to require often modification for proper
biogenesis and stability, but also to utilize base alterations
and therefore, tune structure and function. Modifications in
all RNA species have been linked to various diseases. As
potential biomarkers and therapeutic targets in this relation
have been proved the lncRNAs [55].

m6A modification and its protein products have also been
suggested as markers and targets for diagnosis and treatment
of female reproductive dysfunction [56]. Correlation between
m6A modification and the tumor immune landscape in cases
with clear cell renal cell carcinoma (ccRCC) has been proved
[57], but also in colorectal cancer and associated with the
last inflammatory bowel diseases [58]. In a case with breast
cancer has been suggested development of program about a
personalized medicine, based on the immune cell infiltration
characteristics of the tumor microenvironment and the m6A
methylation modification pattern [59]. A comprehensive pic-
ture of epitranscriptomic regulatory mechanism in mouse
retina has been provided on the basis of the genome-wide
RNA m6A modification profile [60]. Regulation of m6A
deposition in the molecule of mRNA, but also the influence of
this modificatiom on the process of mRNA translation and/or
its decay, as well as its role on non-coding chromosome-
associated RNAs has been proposed as a novel mechanism
of transcription regulation and in this way, possibilities about
understanding and development of new methods about reg-
ulation and prevention of in disease development. Insight
about eventual applications of nucleobase-modified nucleo-
sides in the field of synthetic biology have also recently been
made [61].

In experiments with young and aged mouse brains, as well
as in patients with Alzheimer’s disease has been observed
decreased m6A RNA methylation of synaptic genes in brain
aging and in cases of dementia [62]. Taking these findings
in consideration, reduced m6A-modified transcripts have
been proposed to be related with impaired synaptic protein
synthesis. In this way, targeting the m6A RNA methylation
machinery has been determined as a promising strategy about
prevention of cognitive decline. On the other hand, mediating
mechanisms of miRNAs in m6A modification and its regula-
tory proteins during the occurrence and development of var-
ious diseases has recently been discussed [63]. Despite m6A
modification has been found to be affected by transcriptional
dynamics, recently has been suggested that m6A machinery
influences transcription and determines chromatin signature
[64]. Assays on the interaction of m6A and other nucleoside
analogues (as 5-methylcytosine, 5-hydroxymethycytosine)

have revealed possibilities about understanding, prediction
and modulation of the interactions between modified nucleic
acids and proteins, including at the atomic level [65].

The epigenetically-modified nucleic acids, have been pro-
posed as a basis about discussion of the mechanisms of
recognition by different proteins [66]. In this way, the
binding of these compounds has also been found to in-
duce important structural switches. In this way, the ob-
tained RNA products containing dthG, as well as dthG to-
gether with 5-bromocytosine could function as effectively
as natural sgRNAs in an in vitro CRISPR-Cas9 cleavage
assay. Substitutions of G residues by isomorphic fluorescent
thienoguanosine (thG) analogs, but also by 5-bromocytosine,
7-deazaadenine and 5-chlorouracil, as well as of the U
residues in the RNA-molecules by ethylpseudouridine, re-
spectively, have been shown to direct Cas9 nuclease cleavage
when it is incorporated in sgRNA [67]. Thus, a possibility to
be expanded the impact and therapeutic value of CRISPR-
Cas9 system and other RNA-based technologies have been
proposed. The transcriptional efficiency of emissive fully
modified RNA was found to benefit from the use of various
T7 RNA polymerase variants. Moreover, dthG could be
incorporated into PCR products by Taq DNA polymerase
together with the other three base-modified nucleotides.

IV. CONCLUSION
The observed one logarithm higher values of the two tested
methylxantine/purine derivatives on the in vitro-incubated
cultures of mammalian bovine cells than on these of
avian/duck embryonic cells suggested higher resistance of
the mammalian cells on the treatment with these substances.
On the other hand, very near values of both CC50/ml and
MNC were noted between the mammalian cells with bovine
origin and mouse embryonic fibroblasts from 3T3 cell line.
These results suggested a possibility about application of
methylxantine/purine derivatives about genetic and/or epige-
netic reparations, on the DNA- and mRNA-levels of these
compounds with low differentiated mammalian cells, in par-
ticular with a convenient and widely used experimental in
vitro-model as mouse embryonic cells.
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