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Abstracts

Introduction: Cerebral ischemia is one of the leading causes of mortality and long-term disability, such as anxiety, motor disbalance and memory
loss. Endogenous compounds such as pyrimidine nucleosides have demonstrated neuroprotective properties in several neurological disorders. The
objective of this investigation was to study the effects of uridine and cytidine combination on cerebral ischemia-related anxiety, motor disbalance
and memory loss in a preclinical model.

Methods: Experiments were performed on inbred albino rats, which were remained intact or treated with either saline (control) or a
combination of 5 mg/kg cytidine-5-mononucleic acid and 3 mg/kg uridine-phosphate salts. All animals were tested for elevated plus maze (EPM),
passive avoidance (PAT) and rota-rod tests, which measure anxiety related behaviour and motor coordination, at baseline and on the 6th and 12th
day after being subjected to middle cerebral artery occlusion (MCAO).

Results: Animals treated with nucleotides reported an improvement of about 28% and 73% compared to the control rats six and twelve days
after MCAO, respectively, in the passive avoidance test (p<0.05 for both). Regarding elevated plus maze and rota-rod tests, statistically significant
improvements were observed in all studied parameters in the nucleotide group compared to the control group.

Conclusion: Administration of pyrimidine nucleotides combination under ischemic conditions prevents deterioration of learning and memory
processes, anxiety and motor coordination disbalance of rats. Therefore, these molecules might represent a novel therapeutic approach to treat
cerebral ischemia-related neurobehavioral consequences.
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Abbreviations: CBF: Cerebral Blood Flow; CMP: Cytidine Monophosphate; CTP: Cytidine Triphosphate; EPM: Elevated Plus Maze; GABA: Gamma-
Amino Butyric Acid; MCAO: Middle Cerebral Artery Occlusion; PAT: Passive Avoidance Test; PC: Phosphatidyl Choline; SEM: Standard Error Of Mean;
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Introduction
cerebral ischemia include a wide range of disorders such as anxiety,

Cerebral ischemia is one of the worldwide leading causes of .
motor disbalance and memory loss [1]. Many drugs have been

morbidity and mortality. Neurobehavioral consequences linked to
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proposed to interrupt the ischemic cascade, whose neuroprotective
efficiency is tested through their ability to prevent mood changes
in animals with cerebral ischemia. Two pyrimidine nucleosides,
cytidine and uridine, have been proposed among these medications.
Both nucleosides play an important role during the regulation of
brain functions [2], since it has been described that concentration
of these compounds are decreased under ischemic conditions
[3,4]. Cytidine monophosphate (CMP) mediates the synthesis
of the complex lipids that form part of the neuronal membrane,
particularly sphingomyelin, which is the parent substance of the
myelin sheath as well as a precursor of DNA and RNA nucleic acids
[1,5-7]. On the other hand, uridine (as a precursor metabolite)
supports the synthesis of different molecules involved in diverse
neural processes. Therefore, uridine administration has been
proposed to improve memory function and affected neuronal
plasticity. These effects seem to be mediated by the promotion
of neuronal membrane formation and through interactions with
specific uridine-nucleotide receptors (brain P2Y2 receptors)
that control neuronal differentiation [8]. Furthermore, uridine
triphosphate (UTP) may be converted into cytidine triphosphate
(CTP), which is a key intermediate nucleotide in the Kennedy cycle,
which is involved in the generation of phosphatidyl choline (PC)
during the synthesis of neuronal membranes. This molecule acts as
a coenzyme in the synthesis of glycolipids of the neuronal structures
and the myelin sheath, complementing the action of CMP. In
addition, it is also considered a cell energy provider2,3. Moreover, it
has been described that uridine stimulates the increase of gamma-
amino butyric acid (GABA) levels in brain [9], a molecule important
in the prevention of GABA-glutamate ischemic disbalance [10].

Our research group has previously described that the
combination of cytidine-5-mononucleic acid and uridine-phosphate
salts improved cerebral blood flow (CBF) [11], which prevents the
morphological changes in the brain tissue of rats with local cerebral
ischemia caused by the middle cerebral artery occlusion (MCAO)
[12]. Considering the results regarding the nucleoside synthesis
disturbances observed during ischemic strokes, the objective of
this study was to describe the effect of these compounds on anxiety,
memory disorders, learning ability and lack of motor coordination
caused by cerebral ischemia.

Materials and Methods

Experiments were performed on inbred albino rats weighting
160-180 g (between 9 a.m. and 2 p.m.). The rats were housed in
standard laboratory cages (no more than five rats per each) with
free access to both water and food in a dedicated animal vivarium.
Environmental conditions were set at a 22-25°C temperature
and a 40-70% humidity, under a 12-hour day/night cycle. All
procedures were in accordance with the Guide for the Care and Use
of Laboratory Animals Experiments. The study was approved by
the Ethics Committee of Yerevan State Medical University (Yerevan,
Armenia).

Surgical Procedure of Left Middle Cerebral Artery
Occlusion (MCAO)

Rats were intraperitoneally anesthetized with 400 mg/kg
chloral hydrate dissolved in 0.9% NaCl. The surgical procedures
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were performed following the protocol of Tamura et al [13]
modified by Topchyan [14]. All rats were submitted to the elevated
plus maze (EPM) [15,16], passive avoidance (PAT) [15] and rota-
rod [17] tests both before MCAO and six and 12 days afterwards.
Therefore, animals were divided into three groups: an intact group
of animals consisting in 40 rats which were tested before MCAO
(I group); a control group consisting in 14 rats injected once daily
with 0.9% NaCl which were tested on the 6th and 12th day after
MCAO (II group); and a treated group of animals consisting in 26
rats injected once daily with a combination of 5 mg/kg cytidine-5-
mononucleic acid and 3 mg/kg uridine-phosphate salts which were
tested on the 6th and 12th day after MCAO (III group).

Evaluation of Learning and Memory Processes

Both learning and memory processes of studied animals were
evaluated through the passive avoidance test. Animals were placed
in a platform, which is directly connected to an electrode device,
located at a height of 50 cm inside a dark chamber. When the
platform was lit the door was opened. If the animals stepped into
the dark section of the chamber with their four paws, the door was
closed, and a 3-second 0.3-0.6 mA foot shock was applied as a pain
stimulus. After this step, the rats were placed in their respective
home cage. The conditional reflex reaction of passive avoidance test
was performed 24 hours later. The animals were placed back into
the lit platform, recording for three minutes the latent time until it
entered the dark chamber, with no electrical shocks being applied
this time. Animals were considered educated if they stayed on the
lit platform during all this period. Only rats with a formed reflex
were included in subsequent experiments.

Measurement of Anxiety-Related Behaviour

Evaluation of anxiety-like behaviour was assessed in the
elevated plus maze (EPM) test. The plus-maze was made of black
wood, and it consisted of a 10x10 cm central platform, two opposite
5010 cm arms and enclosed 50x10x40 cm arms, which were
elevated 50 cm above the ground floor. The EPM was performed
in a blight lighted room, with the placement of the plus-maze and
lightning conditions remaining identical for each trail. Animals
were placed in the central apparatus facing the open arms. During
five minutes several behavioral parameters such as total time spent
on the open arms, total time spent on the closed arms, number
of entries into the open arms, total number of crosses and canter
square time were recorded. After every trial the maze was cleaned
with 70% ethanol.

Evaluation of Motor Coordination

Maximum running capacity was measured through a motor
coordination test, the rota-rod treadmill for rats (accelerating
model 7750, Ugo Basile, Varese, Italy). The rats were placed on the
rotating drum with an acceleration rotor mode (10 speed points
ranging from 4 to 40 rpm during five minutes). Performance time
was scored as the time in second until the animals fell from the
rotating shaft. Rats were trained for 2-3 trails during 1-2 minutes
per day for 2-3 hours before MCAO, which represented the baseline
values. During the experiments, the animals were hold by their
tail and placed on the rotating drum in the direction opposite to
the rotation of the rod, with the rotation speed set at 16 rpm, if
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necessary. Two or three measurements were performed for each
animal.

Data Analysis

All data were represented as mean and standard error of mean

Results and Discussion

(SEM). Comparisons between groups were made through the
student’s paired t-test or one-way ANOVA test followed by post hoc
comparisons by Dunnet, where applicable. Statistical significance
was established at p<0.05. All analyses were performed using SPSS
software package, version 20.0.
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Figure 1: Changes of latent time of animals’ entry in the Passive Avoidance Test after i/p injection of cytidine-5-mononucleic acid (5 mg/
kg) and uridine-phosphate salts (3 mg/kg) combination on the 6th and 12th days after MCAO. Each value represents the mean + SEM.
Significant differences: *p<0.05 compared with the intact group, **p<0.05 compared with the control group.
_ J

In the control sample, a significant reduction of the latent time
of animal entry into the dark compartment was observed, which
went from 180.0 to 112.0+17.6 and 84.8+21.0 seconds (p<0.05
for both frames) six and 12 days after MCAO was performed.
In comparison, intraperitoneal administration of cytidine and
uridine nucleosides combination, provoked an improvement of
these values, since from 180 seconds at baseline, the latent time
diminished to 143.3+13.5 and 146.9+18.0 seconds on the 6th and
12th day post-MCAO (p<0.05 for both). These values represented
an improvement of about 28% and 73% compared to the control
animal models (Figure 1).

Regarding EPM test results, an anxiety development due to
MCAO was observed in the control group. After six days a decrease
in all the parameters was observed compared with the intact group

(90.0% in the time spent on the open arms, 66.5% in the center
square time, 82.6% in total number of entrances and 63% in the
percentage of open arms entrances). In the case of the treatment
group, an improvement in all EPM parameters was reported in
comparison to the control sample at the same time frame. While
the time spent on open arms improved by 1090.2% (38.9£14.6 vs
3.3+2.1 seconds, p<0.05), this increase was of 270.4% for centre
square time (78.5£22.8 vs 21.2+17.9 seconds, p<0.05), 40.8% for
the total number of entrances (1.7+0.2 vs 1.2+0.2, p>0.05), and
123.1% for the percentage of open arms entrances (39.5+6.9 vs
17.748.3, p<0.05). This difference between the control and treated
animals was enhanced 12 days after MCAO in all the studied
parameters, with the values obtained in the latter group remaining
above the former (Table 1).

Table 1: Changes in the EPM test parameters after intraperitoneal injection of 5 mg/kg cytidine-5-mononucleic acid and 3 mg/kg uridine-phosphate

salts combination on the 6" and 12" day post-MCAO.

After 6 days of MCAO After 12 days of MCAO
EPM parameters Intact group
Control Treated Control Treated
oT 32.1+6.5 3.3+2.1* 38.9+14.6** 1.1+0.7* 63.7+26.4**
CT 63.7+14.2 21.2+17.9* 78.5+£22.8*%* 3.8+1.9* 75.0£28.1**
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TNE 6.9+1.1 1.2+0.2*

1.7+0.2 1.4+0.2* 1.9+0.2

POE (%) 47.6+5.4 17.7+8.3*

39.5+£6.9%* 20.0+11.1* 51.7+9.9%*

Each value represents the mean + SEM. Significant differences: *p<0.05 compared with the intact group, **p<0.05 compared with the control group.
OT, time in seconds spent on the open arms; CT, centre square time in seconds; TNE, total number of entrances; POE (%), percentage of open arms

entrances. SEM: standard error of mean; MCAO: middle cerebral artery occlusion.

Regarding motor coordination, in the control group the fall
down time changed from 131.4+19.8 to 38.6+5.8 seconds (a 70.5%
reduction) and from 131.4+19.8 to 19.6+4.7 seconds (a decrease
of about 85%) six and twelve days after MCAO compared to the in-
tact group (p<0.05 for both). On the other hand, in the nucleoside

treatment sample, this decrease was lower on the 6th day (from
131.4+19.8 to 63.9£10.8 seconds, p<0.05), with rats on the 12
day achieving better values compared to the intact animals (from
131.4+19.8 to 149.8+42.3 seconds, p<0.05; (Figure 2).
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Figure 2: Changes of fall down time of animals in the Rota-rod test after i/p injection of cytidine-5-mononucleic acid (5 mg/kg) and uridine-
phosphate salts (3 mg/kg) combination on the 6th and 12th days after MCAO. Each value represents the mean + SEM. Significant differences:
*p<0.05 compared with the intact group, **p<0.05 compared with the control group.
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Discussion performances after 40 days [20]. In this line, more recently, Al et

Pyrimidine nucleosides such as (as cytidine
triphosphate or CTP) and uridine, which is first converted to uridine
triphosphate (UTP) and then to CTP, contribute to the biosynthesis

of phosphatidylcholine and phosphatidylethanolamine in the brain

cytidine

via the Kenney pathway. Due to their central role in this pathway,
the therapeutic uses of cytidine or uridine have been evaluated in
neurological disorders such as acute or chronic ischemic stroke,
traumatic brain injury and cognitive impairment [18]. Regarding
uridine, a study in rat models with cerebral ischemia reperfusion
injury showed that a dose of 90 pg/kg uridine 5’-triphosphate
provided a statistically significant protective effect against cerebral
ischemia reperfusion injury compared to saline (15.9% vs 30.5%,
p<0.01) [19]. In neonatal rat models with hyperoxia-induced brain
damage, a five-day uridine treatment decreased the number of
apoptotic TUNNEL (+) cells in both CA1 (from 22.9 £ 0.9 to 15.3
+ 1.0 cells, p<0.001) and CA3 (from 16.6 = 0.9 to 12.5 + 1.3 cells,
p<0.05) regions of the hippocampi compared to saline. This reduced
apoptotic cell death due to uridine enhanced learning and memory
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al [21] described that antioxidative properties of uridine might
mediate the neuroprotective effects of this molecule in these rat
models. De Bruin et al [22] showed that administration of uridine
and choline as a dietary supplementation led to improved selective
attention and spatial learningin rat models used for testing cognitive
impairment. Finally, supplementation of uridine monophosphate
daily through a four-week period to the diet of gerbils increased
the levels of major phospholipids such as of phosphatidylcholine,
phosphatidylethanolamine, and phosphatidylinositol by 13%, 29%
and 48%, respectively [23].

While there are some studies describing endogenous
administration of uridine as a dietary supplementation for several
neurological disorders, in the case of cytidine its supplementation
as a nucleoside has not been studied. However, results from trials
studying the protective effect of CDP-choline or citicoline, an
endogenous intermediate produced during phosphatidylcholine
biosynthesis in the Kennedy pathway, are available. Aslan et al [24]

reported that topical administration of both this compound and
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the combination of its metabolites, cytidine, and choline, improved
functional recovery and promoted regeneration of surgically
repaired injured sciatic nerves in rat models. The median nerve
adherence and separability scores were 3.0 (range 2.0-3.0) for
control, 1.5 (range 1.0-2.0) for CDP-choline, 1.5 (range 1.0-2.0) for
cytidine, 2.0 (range 2.0-3.0) for choline and 1.5 (range 1.0-2.0) for
cytidine+choline groups 12 weeks after sciatic nerve repair in those
rats in which sciatic nerve was repaired on the first day. In the case
of orally administered citicoline, it improved impaired memory-
related behaviour and delayed neuronal cell death in mice with
transient brain ischemia that underwent bilateral common carotid
artery occlusion [25]. More recently, in toxic cuprizone-induced
de- and remyelination mice CDP-choline improved the expression
of myelin proteolipid protein (p=0.003) [26]. The neuroprotective
effects of CDP-choline have been linked to an improved phospholipid
synthesis, glucose metabolism and cholinergic function, as well
as a reduced activation of both phospholipase A2 and apoptotic
pathways [27-31].

Conclusion

The results obtained in this study describe the potential
viability of these nucleotides as effective agents for ischemic
brain protection. Here we demonstrate that the combination of
endogenous molecules cytidine-5-mononucleic acid and uridine-
phosphate salts remove the neurobehavioral consequences related
to cerebral ischemia, preventing deterioration of both learning and
memory processes, anxiety and motor coordination disbalance
of rat animal models that underwent MCAO. These results are
consistent with those reported in previous studies in which this
combination of nucleotides improved cerebral blood flow and
prevented morphological changes on brain tissue in local cerebral
ischemic conditions. Altogether, these results suggest that these
compounds might become a promising base to design and develop
new neuroprotective agents aimed at tacking neurobehavioral
consequences linked to cerebral ischemia.
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