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Transmission of pain from periphery to the cortex depends on integration and signal
processing within spinal cord and higher structures of brain. Several molecular and biochemical
mechanisms contribute to the phenomenon of sensitization and persistent pain, wherein every
nociceptive factor has its own specific way of action.

The aim of this work is to observe the influence of different noxious agents on serotonin and
adenosine level changes in different regions of central nervous system using as a background the
modified version of classic formalin test.

We determined the levels of adenosine and serotonin evoked by formalin, capsaicin and
Freund’s adjuvant injection in the lumbar segment of the spinal cord and hippocampus using HPLC
technique.

The role of abovementioned mediators at different levels of nociceptive information
transmission is discussed.

pain, modification of formalin test, serotonin, adenosine, high performance liquid
chromatography.
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Tpancmuccust 6oiu ¢ nepudepun B KOPY TOJIOBHOTO MO3ra 3aBUCHUT OT HHTErPalldH U
MPOLIECCUHIa B CIIMHHOM MO3Te U BBICUINX CTPYKTYpax TOJIOBHOTO MO3ra. Pa3jIHyHbIC MOJICKYJISIPHBIC
U GHOXMMHYECKHE MEXaHH3Mbl BOBJICUCHBI B (DEHOMCH CCHCHTH3ALMH M HPOJIOHTHPOBAHHOM GOIIH,
HPH 3TOM KaXIblii HOLMIEIITHBHBIN (aKTOp UMeeT CBOM crieu(pUIECKUii Ty Th BIUSIHHS.

Llenbio DaHHOTO HCCICIOBAHUS SBISICTCS W3YUCHHE BIHMSHUS PA3IMYHBIX 0OJIb-HHIYLHPYO-
mux (GakTopoB Ha YPOBHE CEPOTOHHHA M a[CHO3MHA B PAa3IMYHBIX Y4acTKaX LEHTPAIbHOW HEPBHOI
CHCTEMBI C HCIOJIb30BaHHEM MOAN(DHUIMPOBAHHON MOJIEIN KIACCHIECKOro (hOPMAIMHOBOTO TECTA.

Hamu 6GbUTO TIPOBEICHO OMpEAeieHne YPOBHS CEPOTOHWHA U aJ€HO3WHA B TIOMOApPHOM Cer-
MEHTE CIIUHHOTO MO3ra, a TAKXKE B THUIIIOKAMITE ¢ IPUMEHEHHEM BBICOKOI(P(EKTUBHOM KUIKOCTHON
xpomarorpadum.

OGcysknaercsi poiib BBIICOTMEUYCHHBIX MEIHATOPOB HA pPAa3IMYHBIX YPOBHSIX Iepeladyd
HOLMLIENITHBHON HH(OpMAIHH.

6016, MOOUDUYUPOBAHHBLL POPMATTUHOBBIT MECN, CEPOMOHUH, AOEHO3UH, 8bICOKOIPpexmus-
HAA HCUOKOCMHAS XPOMATOSpahus.
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Introduction

The amazing property of our nervous system is detecting and interpreting a wide range
of thermal and mechanical stimuli, environmental and endogenous chemical irritants. When
intense, these stimuli generate acute pain, and the setting of persistent injury, both
peripheral and central nervous system components of the pain transmission pathway exhibit
tremendous plasticity, enhancing pain signals and producing hypersensitivity. When
plasticity facilitates protective reflexes, it can be beneficial, but when the changes persist, a
chronic pain condition may result. Biochemical, electrophysiological and pharmacological
studies are elucidating the molecular mechanisms that underlie detection, coding, and
modulation of noxious stimuli that generate pain.

In functioning of nociceptive and antinociceptive systems a special modulating role
belongs to different neurotransmitters and meuromediators, particularly serotonin and
adenosine.

Serotonin is a mediator in central nervous system, which participates in sensation of
pleasure, comfort, regulation of cognitive functions, appetite, sleep/awake processes. The
pathways in nervous system which participate in perception of painful signals intersect with
those which participate in regulation of emotional status, particularly on serotonin level.

Results of some investigations have shown a spinal analgesic action of 5-HT released
from brainstem structures [20, 21]. Since 1969, researchers have investigated stimulation-
induced analgesia, which reveals that serotonin (5-HT) excites inhibitory interneurons,
resulting in inhibition of dorsal horn neurons [9].

It is shown that the reduction of serotonin concentration leads to attenuation of
analgesic effect [3], reduction of pain threshold [10] a higher frequency of pain syndrom
development.

Serotonin reuptake inhibitors in certain cases are used to reveal the chronic pain. It is
supposed, that the analgesic effect of serotonin can be partly mediated by endogenous
opioid system as serotonin promotes the release of beta-endorphin from anterior pituitary
cells [22].

Contemporaneously it is proven that exogenous serotonin induces a severe pain in the
site of injection. Presumably serotonin along with histamine and prostaglandins plays a role
in development of pain impulsation in the locus of injury or inflammation affecting the
corresponding receptors in target tissues [19].

The stimulation of large sensory fibers leads to the release of adenosine triphosphate
(ATP) from their terminals in posterior horns of spinal cord. The ATP then transforms into
adenosine, which affecting the specific Al receptors blocks the transport of nociceptive
information in synapses of thin sensory fibers. However depending on dose adenosine can
demonstrate an opposite effect, enhancing nociception. Thus, adenosine is considered as
neurotransmitter, which has a modulatory effect on pain formation mechanisms [18].

The aim of this work is to observe the effect of different noxious agents in some
regions of nervous system on serotonin and adenosine level using modified model of
classic formalin test.

Materials and methods

In this study male albino rats were used weighting 200-250g. The animals were
housed in plastic cages by six. The minimal adaptation period was 10 days. The rats were
kept in 12 hour light/dark cycle with food and water ad libitum. The experiments were
approved by Ethics Committee of Yerevan State Medical University.

In our experiments 7 groups were used: 1. Control group, 2. Single injection of 5%
formalin solution, 3. Two subsequent injections of 5% formalin solution with five days

119



interval, 4. Two subsequent injections of Freund’s adjuvant with 5 days interval, 5. Two
subsequent injections of capsaicin, 6. Two subsequent injections of 10% and 5% formalin
solution respectively with 5 days interval, 7. Two subsequent injections of 5% formalin
with 5 days interval, where gabapentin was administrated 10 minutes before the second
injection.

Formalin test. In our experiments we used the modification of classic formalin test by
adding the second injection of noxious agent with five days interval. Before any injections
rats were let in glass chamber for adaptation for 15 minutes. A 5% formalin solution
(0.5ml/kg) was subcutaneously injected into the dorsal surface of hind paw. After injection
each animal was returned into the glass chamber with a glass in the bottom to observe limb
position changes hidden from frontal view. The pain behavior was registered for an hour
using a computer program (Lab View, National Instruments) written by us [6], which
allows to record animal’s per second pain behavior using the scale from 0 to 4, where 0 —
there is no pain behavior, 1- the injected paw changes its position but is still in the contact
with the floor of chamber, 2- the injected paw is over the chamber floor and there is no
contact with any surface, 3- the injected paw is flinched, 4- the injected paw is licked. Pain
behaviors are expressed during each period of three minutes intervals during the initial
acute phase (0—10 min) or the second, tonic phase (15-60 min). The animals undergo
euthanasia immediately after the end of experiment with a Nembutal solution (100mg/kg).

High performance liquid chromatography (HPLC). Samples were taken from rat
spinal cord, hippocampus and prefrontal cortex immediately after the decapitation within a
minute. All the samples were freezed, then homogenized, centrifuged in 20000 rpm.
Sample preparation: a protein precipitation technique was used by adding 3 times more
acidified acetonitrile. After the centrifugation with 12000 rpm speed the supernatant was
transferred to LC-MS. The mobile phase had the following composition: 0.1% formic acid
aqueous solution: acetonitrile 60:40. The flow rate was 0.4 mL/min, injection volume was
10mcL. 268.0-136.0 MRM transition was used for Adenosine MS detection and 177.0-
160.0 MRM transition was implied for serotonin MS detection. The calibration curve used
covered concentrations between 6.5 ng/ml and 650 ng/ml for quantitation of adenosine, and
10 ng/mL and 10 mcg/mL for quantitation of serotonin.

Staistical analysis. Statistical analysis was performed by the one-way ANOVA (IBM
SPSS version 23.0 and MS Excel 2007). A multiple comparison Post Hoc Test (Tukey) was
applied to identify groups differing significantly from each other using Bonferroni
correction. Data were reported as mean + SEM.

Results and discussion
As results of our experiments demonstrated, formalin injection into the dorsal surface
of the left hind paw led to a two-phase pain response: first phase starts immediately after

injection of noxious agent and lasts until 10 min and the second tonic phase, which starts at
15 minutes and lasts until 60 min.
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Fig. 1. The value of the pain response (the values shown on vertical axis are obtained by summation of per second
pain behavior of experimental animals after injection of noxious agent during the first 15 minutes, where 0 = the
injected paw is not favored, 1 = injected paw has little or no weight on it, 2 = the injected paw is elevated and there
is no contact with any surface, 3=the injected paw is flinched or shaken, 4 = the injected paw is licked) in the
injected paw in the first phase during single and double injections of noxious agent in the modified formalin test.
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Fig. 2. The value of pain response after formalin injection during the last 45 minutes (the pain intensity is
calculated as in Fig. 1) in the injected paw in the second phase during single and double injections
in the modified formalin test.

As it can be seen from the results, all the noxious agents (formalin, capsaicin, Freund’s
adjuvant) demonstrated similar patterns in both phases. In the first phase, in double
formalin group, the value of the second injection was higher. The formalin+gabapentin
group did not demonstrate any changes in first phase, which is in agreement with literature
data [1, 16], indicating that gabapentin does not affect the acute phase in formalin test. In
the group with subsequent injection of 10% and 5% formalin the first injection value is
higher as it could be expected, but in the second injection the pain value significantly
lowers. Both, capsaicin and Freund’s adjuvant, demonstrate a similar pattern with formalin,
showing lower values.
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Concerning to the second phase, in almost all groups the second injection value was
lower, than the first one. The lowest value compared with the first injection reveals the
group with subsequent injections of 10% and 5% formalin. Gabapentin significantly
lowered the second phase of the formalin test.

HPLC results
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Fig. 3. The quantitative definition of serotonin in rat spinal cord and hippocampus measured by HPLC
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Fig. 4. The quantitative definition of adenosine in rat spinal cord and hippocampus measured by HPLC

As figure 3 show, the highest level of serotonin can be observed in the group with
single injection of 5% formalin. The injection of formalin increases serotonin level both in
spinal cord and hippocampus [17].

The slight changes of serotonin level were observed in all the other groups. Some
literature data indicate, that the injection of Freund’s adjuvant significantly increases the
serotonin level both in spinal cord and in hippocampus [4]. The minor changes can be
explained presumably by insufficient time for inflammation to develop. In the group with
subsequent injection of 10% and 5% formalin the low concentration of serotonin can be
explained most likely by the increased pain threshold, which is likewise observed in
formalin test in both first and second phases.
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Interestingly in formalin+gabapentin group the serotonin level was about zero, despite
some works indicate, that gabapentin increases blood serotonin [12].

Gabapentin decreased the serotonin level both in spinal cord and in hippocampus.
However, several observations are consistent with the idea that gabapentin modulates Ca**
channels, particularly if channels are modulated in a subtle manner. It is possible, that
inhibition of monoamine neurotransmitter release [2,13,15] is caused by an interaction of
gabapentin with Ca?" channels. However, there are there are some results, indicating that
gabapentin increases the concentration of serotonin in whole blood [12]. These authors
speculate, that increased serotonin might be due to changes in serotonin metabolism or
uptake in platelets.

The inhibitory action of serotonin on structures of the dorsal horn may be mediated by
activation of opioid-releasing interneurons. In animal models the opioid antagonists
attenuate the analgesic effect of intraspinal serotonin; similarly, serotonin antagonists
interfere with analgesic effects of morphine infused in or near the spinal cord [8].

Serotonin is released in spinal cord by descending systems that modulate
somatosensory transmission and can potently depress primary afferent-evoked synaptic
responses in dorsal horn neurons.

Additionally, serotonin receptor antagonists, given to rats intrathecally, inhibited
experimental pain response [5], suggesting, that excitatory serotoninergic descending
pathways facilitate the expression of pain. It is likely, that serotonin inhibits, as well as
promotes pain perception by different physiological mechanisms [7].

As it can be seen from Fig. 4, the highest level of adenosine is observed in the group
with subsequent injection of 10% and 5% formalin both in spinal cord and hippocampus.
Interestingly, the concentration of adenosine lowered while administrating gabapentin.

Adenosine regulates pain transmission in the spinal cord and in the periphery, and a
number of agents can alter the extracellular availability of adenosine and subsequently

modulate pain transmission, particularly by activation of adenosine A1l receptors.
Moreover, there is a significant increase of adenosine level in Freund’s adjuvant and
capsaicin groups in spinal cord and hippocampus. The use of capsaicin (which activates
receptors selectively expressed on C-fibre afferent neurons and produces neurotoxic actions
in certain paradigms) allows for an interpretation of C-fibre involvement in such processes.
In the spinal cord, adenosine availability/release is enhanced by depolarization (K,
capsaicin, substance P, N-methyl-D-aspartate (NMDA)), by inhibition of metabolism or
uptake (inhibitors of adenosine kinase (AK), adenosine deaminase (AD), equilibrative
transporters), and by receptor-operated mechanisms (opioids, 5-hydroxytryptamine (5-HT),
noradrenaline (NA)). Some of these agents release adenosine via an equilibrative
transporter, indicating production of adenosine inside the cell (K*, morphine), while others
release nucleotide which is converted extracellularly to adenosine by ecto-5'-nucleotidase
(capsaicin, 5-HT). Release can be capsaicin-sensitive, Ca*"-dependent and involve G-
proteins, and this suggests that within C-fibres, Ca®'-dependent intracellular processes
regulate production and release of adenosine. In the periphery, adenosine is released from
both neuronal and non-neuronal sources. ATP is released both spinally and peripherally
following inflammation or injury, and may be converted toadenosine by ecto-5'-
nucleotidase contributing an additional source of adenosine. Release of adenosine from
both spinal and peripheral compartments has inhibitory effects on pain transmission [14].

Conclusion

The pain information in the CNS is controlled by ascending and descending regulatory
systems, in which endogenous substances play a modulatory role.
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Serotonin acts substantially on spinal cord level, and affects descending pain pathway.
It is important to mention, that classic formalin test, which proposes a single injection of
formalin, significantly increases serotonin level in spinal cord. So it can be considered as
“early” stimulation-produced mediator.

Possibly, the stimulus intensity is also related with serotonin release. Interestingly it is
in agreement with our results of formalin test. It represents the second phase. In formalin
test all the second injections are lower compared with the first injections. Concerning to
adenosine, it is possibly a “late” mediator. Adenosine represents the first phase of formalin
test respectively with first and second injections.

Presumably, regulation of descending inhibitory modulation proposes, that or higher
brain areas directly communicate with descending nociceptive fibers, either this
communication is polysynaptic, acting through intermediate relays.

So our results let us to conclude, that the route from higher brain areas is not direct and
depends on variety of factors, i.e. stimulus intensity, type of injury, number of injections,
thus, the intermediate levels of descending pain pathway can undergo changes, affecting the
level of mediators at spinal cord level.

References

1. Field M.J., Oles R.J., Lewis A.S., McCleary S., Hughes J., Singh L. Gabapentin (neurontin)
and S-(+)-3-isobutylgaba represent a novel class of selective antihyperalgesic agents. Br J
Pharmacol. 1997;121(8): 1513-1522.

2. Fink K., Meder W., Dooley D.J., G’ thert M. Inhibition of neuronal Ca2+ influx by
gabapentin and subsequent reduction of neurotransmitter release from rat neocortical slices.
Br J Pharmacol. 2000; 130(4): 900-906.

3. Fox M.A., Jensen C.L., Murphy D.L. Tramadol and another atypical opioid meperidine
have exaggerated serotonin syndrome behavioral effects, but decreased analgesic effects, in
genetically-deficient serotonin transporter (SERT) mice. Int J Neuropsychopharmacol.
2009; 12(8): 1055-1065.

4. Giordano J., Rogers L. V. Peripherally administered serotonin 5-HT3 receptor antagonists
reduce inflammatory pain in rats. Eur. J. Pharmacol. 1989; 170, 83-86.

5. Gray A.M., Pache D.M., Sewell R.D. Do alpha2-adrenoceptors play an integral role in the
antinociceptive mechanism of action of antidepressant compounds? Eur. J. Pharmacol.
1999; 378:161-168.

6. Harutyunyan H., Alaverdyan H., Grigoryan A., Vardanyan G. Observation of pain intensity
and mirror pain phenomenon in double formalin test using different dosages of formalin.
The International Young Scientists Conference “Perspectives for Development of
Molecular and Cellular Biology-3”, 2012; 27-29.

7. Marks D.M., Shah M.J, Patkar A.A., Masand P.S, Park G.Y., Pae C.U. Serotonin-
Norepinephrine Reuptake Inhibitors for Pain Control: Premise and Promise. Curr
Neuropharmacol. 2009; 7(4): 331-336.

8. McHugh JM., McHugh W.B. Pain: neuroanatomy, chemical mediators, and clinical
implications. AACN Clin. Issues. 2000;11:168-178.

9. Peng Y. B., Lin Q., Willis W. D.. The role of 5-HT3 receptors in periaqueductal gray-
induced inhibition of nociceptive dorsal horn neurons in rats. J. Pharmacol. Exp. Ther.
1996; 276, 116-124.

10. Pickering G., Januel F., Dubray C., Eschalier A. Serotonin and experimental pain in
healthy young volunteers. Clin J Pain. 2003; 19(4):276-279.

11. Rao M.L., Clarenbach P., Vahlensieck M., Kraetzschmar S., Gabapentin augments whole
blood serotonin in healthy young men. J. Neural. Transm. 1988;73, 129-134.

12. Rao M.L., Clarenbach P., Vahlensieck M., Kr, tzschmar S. Gabapentin augments whole
blood serotonin in healthy young men. J Neural Transm. 1988;73(2):129-34.

124



13. Reimann W., Inhibition by GABA, baclofen and gabapentin of dopamine release from
rabbit caudate nucleus: are there common or different sites of action? Eur. J. Pharmacol.
1983;94, 341-344.

14. Sawynok J., Liu X.J. Adenosine in the spinal cord and periphery: release and regulation of
pain. Prog Neurobiol. 2003; 69(5):313-40.

15. Schlicker E., Reimann W., Gothert M., Gabapentin decreases monoamine release without
affecting acetylcholine release in the brain. Drug Res. 1985; 35, 1347-1349.

16. Singh L., Field M.J., Ferris P., Hunter J.C., Oles R.J., Williams R.G., Woodruff G.N. The
antiepileptic agent gabapentin (Neurontin) possesses anxiolytic-like and antinociceptive
actions that are reversed by D-serine. Psychopharmacology (Berl). 1996; 127(1):1-9.

17. Soleimannejad E., Naghdi N., Khatami Sh., Semnanian S., Fathollahi Y. Formalin pain
increases the concentration of serotonin and its 5-hydroxyindoleacetic acid metabolite in the
CA1 region of hippocampus Daru. 2010; 18(1): 29-34.

18. Sollevi A. Adenosine for pain control. Acta Anaesthesiol Scand Suppl. 1997;110:135-136.

19. Sommer C. Serotonin in pain and analgesia. Actions in the periphery. Mol Neurobiol. 2004;
30, Issue 2, 117-125.

20. Yaksh T. L., Wilson P. R.. Spinal serotonin terminal system mediates antinociception.
J.Pharmacol. Exp. Ther. 1979; 208, 446-453.

21. Yaksh T., Tyce G. Microinjections of morphine into the periaqueductal gray evokes the
release of serotonin from spinal cord. Brain Res. 1979;171, 176-181.

22. Zangen A., Nakash R. and Yadid G. Serotonin-Mediated Increases in the Extracellular
Levels of B-Endorphin in the Arcuate Nucleus and Nucleus Accumbens: A Microdialysis
Study. J Neurochem. 1999; 73, Issue 6, 2569-2574.

Biolog. Journal of Armenia, 1 (69), 2017

THE CHANGE OF POLYAMINES AND NITRIC OXIDE
QUANTITIES IN HUMAN BLOOD SERUM OF PROSTATE AND
BLADDER CANCER

JAVRUSHYAN H.", AVTANDILYAN N.2, MAMIKONYAN A.!,
TRCHOUNIAN A."?

*! Department of Biochemistry, Microbiology and Biotechnology, Yerevan State University *Research
Institute of Biology, Yerevan State University, Yerevan, Armenia.
hg.javrushyan@ysu.am

Currently are shown rapid growth of polyamines and nitric oxide (NO) quantities in blood
serum during malignant tumors in different organs. Increased NO generation in cancer cells may
contribute to tumor angiogenesis and metastatic ability by up-regulating vascular endothelial growth
factor. The goal of workwas to researchin human blood serum the changes of polyamines and NO
quantities in different stages of prostate and bladder cancer. Polyamines and NO quantities were
determined in blood serum of 11 healthy individuals (34-63 years old) and patients with prostate (28)
and bladder (20) cancers (48 patient,I-III stages, 44-73 years old) who were hospitalized in the
National Centre of Oncology RA aft. V.A. Fanarjyan. Total polyamines quantity compared with
standard was increased by42.5%, 54.5% and 76.8%, respectively in I, II and Illstages of prostate
cancer, and 59.5%, 64.8% and 87.9%, respectively in I, II and IlIstages of bladder cancer.The
quantity of nitrite anions was increased by 125% in prostate and bladder cancers patients blood
serum.The increase of NO and polyamines concentrations in blood serum in earlier stages and the
increase in parallel to cancer development confirm, that this metabolic pathway of L-arginine has a
significant role in promoting tumor growth and development. We suggest that downstream of
polyamines and NO quantities might have antitumor effect on cancer development.

cancer, polyamine, NO, arginase, tumorigenesis, antitumor potential
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