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INVOLVEMENT OF NORADRENALINE, SEROTONIN AND BRAIN NEUROTROPHIC
FACTOR IN THE ANALGETIC EFFECTS OF VASOPRESSIN
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Abstract. The study of the role of the neuroendocrine system in the modulation of pain remains relevant. The
analgesic properties of arginine vasopressin (AVP) are known, but the mechanisms underlying these effects
are poorly understood. The aim of the study was to evaluate the effect of vasopressin receptor agonist type
2, 1-deamino-8-D-arginine-vasopressin, DDAVP, on pain sensitivity and the content of norepinephrine (NE),
serotonin (5-HT), dopamine (DA) and brain neurotrophic factor (BDNF) in the parietal cortex and spinal cord
in the test of thermal immersion of the tail in rats. The study was conducted on male Wistar rats. The animals
were divided into 4 groups: group 1 — intact rats; group 2 — received saline solution; Group 3 — received
DDAVP in a single dose of 2 ng and a cumulative dose of 10 ng; group 4 — received DDAVP in a single dose
of 2 ug and a cumulative dose of 10 ug. DDAVP was administered intranasally once a day for 5 days. The
saline solution was administered according to the peptide application scheme. The content of corticosterone
in blood serum was determined by enzyme immunoassay. The content of NE, 5-HT, DA and their metabolites
in the brain was assessed using high-performance liquid chromatography. BDNF levels were assessed
using enzyme immunoassay. DDAVP in different doses reduced pain sensitivity in rats. When DDAVP was
administered in small doses, the content of NE decreased in the parietal cortex; NE levels increased and
5-HT content decreased in the spinal cord. After administration of the peptide in large doses, the content of
NE decreased in the parietal cortex, and the levels of 5-HT decreased in the spinal cord. DDAVP in different
doses increased the content of BDNF in the parietal cortex and spinal cord. Thus, it was found that DDAVP-
induced analgesia is associated with the modulatory effect of the peptide on the exchange of NE, 5-HT and
BDNF at the supraspinal and spinal levels.
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Pe3stome. CoxpaHsieT CBOK aKTyanbHOCTb M3YYEHUE PONM HEMPOIHAOKPUHHON CMCTEMBI B MoAynsauum 6onu. M3secT-

Hbl @aHanreTUYeckne CBONCTBA apruHuH-BasonpecchHa (ABIT), HO MexaHU3MbI, Nexallne B OCHOBE 3THX 9Gh(eKTOB,
n3y4yeHbl Mano. Lienbto nccnenosanns bbina oueHka BIUSHWS aroHUCTa peLenTopoB Bas3onpeccuHa 2-ro tuna,

1-pe3amnHo-8-D-apruHuH-BasonpeccuHa (AJABI) Ha 6oneByto YyBCTBUTENBHOCTb W COAEPXaHNE HOpaapeHannHa

(NE), cepoTtoHunHa (5-HT), nodamuna (DA), HelrpoTpoduyeckoro aktopa mosra (BDNF) B TemeHHOI Kope U CMIMHHOM

MO3re B TeCTe TEeMoBoi UMMepcum XBocTa Y Kpbic. ccnenoBaHne NpoBeAeHo Ha camuax Kpbic nuHumn Buctap. Xu-

BOTHbIX pa3fgenunu Ha 4 rpynnbl: 1-9 rpynna — WHTaKTHbIE KPbIChI; 2-9 — NONyYMBLIME (PU3NONOTMYECKUIA pacTBOp;

3-9 — nonyuuslumne ALABI B ogHOKpaTHOM J03€ 2 HF 1 KymynsaTueHon fo3se 10 Hr; 4-9 — nonyymswue JOABI B
OAHOKpPATHON Jo3e 2 MK 1 KymynsatusHon fose 10 mkr. JOABIT BBOAMAN MHTpaHa3anbHo 1 pa3 B AeHb B TeYeHMe
5 gHen. ®usnonormyeckuin pacTeop BBOAUIM NO CXEME NMpUMeHeHnst nentuga. CogepxaHue KOPTUKOCTEPOHA B
CbIBOPOTKE KPOBM OMPEAENSNMN C MOMOLLbI0 MMMYHOEPMEHTHOTO aHann3a. OueHnsanu cogepxanne NE, 5-HT, DA

1 UX MeTabonmMTOB B MO3re C UCMONb30BaHMEM BbICOKO3(EKTUBHON KMAKOCTHON XpomaTorpadum; yposH BDNF —
C NpUMeHeHnem MMyHodhepMeHTHoro aHanusa. [ABI B pasHbix fo3ax cHuxan 60neByto YyBCTBUTENBHOCTb Y KPbIC.

Mpwv BBeaeHnn JABI B Manbix 4o3ax B TEMEHHOM KOpe CHU3MOCh cogepxanue NE; B CnHHOM MO3re NoBbICUANCH
ypoBHU NE, cHuaunock cogepxanue 5-HT. Mocne BBegeHns nentuaa B 60nbLUKMX JO3aX B TEMEHHOM KOpe YMEHbLUK-
nocb cogepxanune NE, B cnnHHom mosre — yposuu 5-HT. J[LABIT B pa3Hbix fo3ax yBenuyusan cogepxarune BDNF B

TEMEHHOM KOpe M CNIMHHOM Mo3re. Takum 06pa3om, 6610 yecTaHoBMEHO, YTO BhidBaHHas [[JABI1 aHanre3us cBsizaHa
C MOZYNATOPHbIM BNusiHueM nentuaa Ha o6meH NE, 5-HT n BDNF Ha cynpacnnHansHOM v CMHAINbHOM YPOBHSIX.

KntoueBble cnoBa: Ba3onpeccuH, 6omb, KOPTUKOCTEPOH, HOpaapeHanuH, CEPOTOHUH, AothaMUH, HEMPOTPODUYECKIIA

akTop mo3ra

INTRODUCTION

Exploring mechanisms that cause pain and searching
for new ways of its reduction remains actual. Recently,
there has been considerable interest in analogs of endoge-
nous neuropeptides, especially through their intranasal ad-
ministration in clinical practice. One of such substances is
arginine vasopressin (AVP), which exhibits peripheral and
central properties [3, 4, 9]. AVP realizes its effects by ac-
tivation of three types of receptors: V1aR, V1bR and V2R
[9]. The involvement of V1aR in pain modulation has been
established [4, 20]. The role of V2R in this process is poorly
understood. The neurochemical mechanisms of the analge-
sic effects of AVPs are practically unknown.

It was previously shown that AVP and the V2R agonist,
1-desamino-8-D-arginine-vasopressin  (DDAVP), caused
analgesia in rats in models of acute and chronic pain, under
different types of exposure (thermal, mechanical, chemi-
cal), and during central and peripheral administration of the
peptide [4]. It is known that AVP is involved in modulating

stress-responsiveness, and stress can induce analgesia [6,
17]. Clinical trials have shown that DDAVP reduced the se-
verity of tension headaches, renal colic, and pain caused by
orthopedic interventions and degenerative-dystrophic spine
diseases when administered intranasally [1, 11, 24, 25].
The involvement of noradrenergic, serotoninergic and
dopaminergic systems, brain-derived neurotrophic factor
(BDNF) in pain modulation is well known [4, 13, 16]. Ac-
cording to the literature, administration of AVP and DDAVP
caused changes in the levels of norepinephrine (NE), se-
rotonin (5-NT), dopamine (DA), and BDNF in brain and
blood in rats [2, 4, 30]. There are no data on the effect of
DDAVP on pain sensitivity, BDNF content and monoamine
neurotransmitters in the model of acute thermal pain in rats.

AIM

The aim of the research was to evaluate the effect of
1-desamino-8-D-arginine-vasopressin  when administered
intranasally. Pain sensitivity and brain content of norepi-
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nephrine, serotonin, dopamine and their metabolites, brain
neurotrophic factor were examined using the thermal tail im-
mersion test in rats.

MATERIALS AND METHODS

30 sexually mature male Wistar rats were analyzed
(Rappolovo nursery, initial body weight 22025 g), all rats
were kept under standard vivarium conditions. All animals
were divided into 4 groups by the method of block rando-
mization: Group 1 included 8 intact rats (control group, CG);
Group 2 — 7 animals that received saline solution; Group
3 — 7 rats that received DDAVP in a single dose of 2 ng
and cumulative dose of 10 ng; Group 4 — 8 animals that re-
ceived DDAVP in a single dose of 2 ug and cumulative dose
of 10 pg. Rats were injected with synthetic analog of AVP,
water solution of DDAVP, Ferring s.p.a., Italy, intranasally
once a day for 5 days. Saline solution was administered
according to the scheme of DDAVP administration.

Thermal irritation of tail skin was performed by immers-
ing it in a container with water heated to a temperature of
52.0+£0.1 °C [5]. To determine the nociceptive response
threshold (NRT), tail retraction time in seconds was re-
corded. Mean NRP values were determined in each animal
using 6-fold measurements. The percentage of analgesia
(% A) was calculated using the formula:

A= (P-D)/(15-D) - 100%,

where A is the percentage of analgesia or the percentage of
maximum possible effect; P is the latent period of reaction
in seconds after administration of DDAVP or saline solution;
D is the latent period before drug administration; 15 s is the
maximum time of heat exposure in seconds [20].

Following the last latency measurement, all animals
were euthanized by decapitation, mixed arteriovenous
blood was obtained, and the brain and spinal cord with Ls—
S, spinal roots were extracted. After blood was collected, a
tube was placed in a thermostat (37°C) and incubated for
30 min until clot formation, then the clot was gently sepa-
rated from the tube walls, the sample was centrifuged for
10 min at 200 g and the supernatant (serum) was collected.
Blood corticosterone content was estimated in the serum
collected after euthanasia using a commercial reagent kit
by Enzo Ne ADI-900-097 ELISA kit. All manipulations were
performed in exact accordance with the instructions.

In order to determine the content of neurotransmitters and
their metabolites, brain tissue samples were homogenized in
0.1 H perchloric acid, centrifuged for 30 min at 10,000 g and
4 °C, and the supernatant was collected. The levels of NE,
5-HT, DA and their metabolites (3,4-dihydroxyphenylacetic
acid (DOPAC), homovanillic acid (HVA), 5-hydroxyindoleacetic

acid (5HIAA)) were determined by using high-performance
liquid chromatography according to the technique [31].

To determine BDNF content, brain tissue samples
were homogenized with a hand homogenizer in lysis buf-
fer (20 mM Tris, 150 mM NaCl, 0.1% Triton X-100, 5 mM
EDTA, 1 mM FMSF, pH 7.6). Then the samples were centri-
fuged for 20 min at 4 °C, 5000 g and the supernatant was
collected. The samples were stored at —70 °C. The concen-
tration of BDNF in tissue homogenates was determined by
enzyme-linked immunosorbent assay using a commercial
reagent kit Rat BDNF ELISA Kit (ab213899); the procedure
was performed according to the manufacturer’s instructions.

Statistical analysis was performed using STATISTICA
8.0 program (StatSoft, USA). Normality of distribution was
checked by the Shapiro-Wilk test. All data were expressed
as mean values + standard deviation. Statistical differences
were tested using Student’s criterion for independent sam-
ples or analysis of variance (for dependent or independent
samples) followed by Tukey’s post-hoc test. p <0.05 was
regarded as statistically significant.

RESULTS

There were no differences in pain sensitivity in the CG
and the rest of the groups before administration of saline and
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Fig.1. Effect of DDAVP on pain sensitivity in the tail heat
immersion test in rats (M£SEM, s). * — difference from
control group at p <0.05; # — difference before and after
administration of DDAVP at p <0.05
Puc.1. Bnusaxue [JABI Ha GoneByto Y4yBCTBUTENbLHOCTL B TeCTe

TEennoBoi MMMepcum xaocTa y kpbic (MESEM, c). * — otnu-
yme ot K npu p <0,05; # — oTnuume o n nocne BBeAEHUA
O0ABI npu p <0,05
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Table 1

Serum corticosterone content in rats after administration
of DDAVP (M+SEM, ng/ml) in the tail heat immersion test in rats

Tabnuya 1

CopepxaHue KOPTMKOCTEPOHA B CLIBOPOTKE Y KPbIC
nocne seeaeHus AOABI (M*SEM, Hr/mn) B TecTe
TENnoBoW MMMEPCUM XBOCTA Y KpbIC

[pynnbl XMBOTHbIX /
Groups of animals

Copepxanue
KOPTUKOCTEPOHa, Hr/mn /
Corticosterone content, ng/ml

KoHTponbHas rpynna /
Control group (n=8)

256%23

®uanonornyeckuii pactaop /
Saline (n=7)

269+23

OOABM (2 wr/cyT, 10 Hr/kypc; n=7)/
DDAVP (2 ng/day, 10 ng/course; n=7)

325+40

OOABI (2 mkr/cyT,
10 mkr/kypc; n=8) /

DDAVP (2 ng/day,
10 pg/course; n=8)

355+34

80 =
* *®
60 = _ —_
<C
=2
40 =
20 =
0 T T T
du3. p-p/ [OABN OOABN
Saline 2 HrlcyT, 2 MKr/cyT,
10 Hr/kypc /10 mkr/kypc /
DDAVP DDAVP
2 ng/day, 2 ug/day,
10 ng/corse 10 ug/course
Fig. 2.  Percentage of analgesia upon administration of DDAVP in
the tail heat immersion test in rats. * — difference from the
introduction of saline solution at p <0.05
Puc. 2. TMpoueHT ananresuu npu BBegeHuu [OABI B TecTe Tenno-

BOW MMMEPCUM XBOCTa Y KPbIC. * — OTANYME OT BBEAEHMA
¢usnonoruyeckoro pactsopa npu p <0,05

Table 2
Effect of DDAVP on the content of BDNF, neurotransmitters and their metabolites in the parietal cortex of rats
Tabnuua 2
Bnusaxue OOABIM Ha cogepxaHue BDNF, HeiipomeanaTopoB U X MeTabonuToB B TEMEHHOI KOpe Y KpbIC
O0ABM / DDAVP
[MokasaTtens / KoHtponb / ®unanonornyeckuii pactaop /
Indication Control (n=5) Saline (n=7) 2 urleyT, 10 Hr/kype / 2 mkr/cyT, 10 mkr/kypc /
2 ng/day, 10 ng/course (n=7) | 2 ug/day, 10 pg/course (n=7)
BDNF, nr/mr / 20,6+1,62 25,60+1,69 39,8046,58* 29,63+4,28*
BDNF, pg/mg
NE, Hr/mr 6enka / 2,42+0,64 1,80+1,18 0,32+0,20* 0,26+0,14*
NE, ng/mg protein
DA, Hr/mr 6enka / 0,29+0,20 0,30+0,17 0,74+0,23 0,46+0,21
DA, ng/mg protein
DOPAGC, Hr/mr berka / 0,33+0,17 0,30+0,18 0,3240,13 0,4740,14
DOPAC, ng/mg protein
HVA, Hr/mr 6enka / 0,26+0,16 0,16+0,09 0,23+0,13 0,26+0,10
HVA, ng/mg protein
5-HT, Hr/mr 6enka / 0,27+0,18 1,78+1,10 1,43+0,54 1,36+1,12
HVA, ng/mg protein
5-HIAA, Hr/mr Genka / 2,98+1,26 3,9141,52 1,7840,51 3,19+0,81
5-HIAA, ng/mg protein

Note: * — differences compared to control group at p <0.05
MpumeyaHue: * — OTNMYMS NO CPABHEHMIO C KOHTPONbHOI rpynnoit npu p <0,05.
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Table 3
Effect of DDAVP on the content of BDNF, neurotransmitters and their metabolites in the spinal cord of rats (M£SEM, units)
Tabnuua 3
Brnmsnue OAABI Ha cogepxanue BDNF, HelipomeauaTopoB 1 Ux MeTaboMToB B CMIMHHOM Mo3re Y Kpbic (MESEM, eanHuubi)
NOABI / DDAVP
Mokasatenb / KonTponb / duanonornyeckmin pactaeop /
Indication Control (n=5) Saline (n=7) 2 Hr/cyt, 10 mkr/kypc / 2 mkr/eyt, 10 mkr/kypc /
2 ng/day, 10 pgl/course (n=7) | 2 ug/day, 10 ug/course (n=7)
BDNF, nr/mr / BDNF, pg/mg 17,716 25,8+1,36 29,0+1,87* 40,6+3,3"%
NE, Hr/mr 6enka / 0,68+0,07 0,9+0,56 1,60+0,28* 0,43+0,12
NE, ng/mg protein
DA, Hr/mr 6enka / 0,46+0,1 0,67+0,19 0,64+0,13 0,57+0,09
DA, ng/mg protein
DOPAC, Hr/mr 6ernka / 0,32+0,10 0,56+0,05 0,50%0,11 0,43+0,16
DOPAC, ng/mg protein
HVA, Hr/mr 6ernka / 0,10+0,07 0,05+0,05 0,13+0,05 0,09+0,04
HVA, ng/mg protein
5-HT, Hr/mr Genka / 5,07+1,53 4,35+0,59 2,86+0,56% 1,97+0,46*
HVA, ng/mg protein
5-HIAA, Hr/mr 6enka / 1,57+0,64 1,25+0,34 0,66+0,12 1,19+0,23
5-HIAA, ng/mg protein

Note: * — differences compared to the control group at p <0.05; * — difference compared to the introduction of saline at p <0.05;  — differences when administering

small and large doses of the peptide.

Mpumeyanue: * — OTNNYNS MO CPABHEHMIO C KOHTPOMBHOM rpynnoi npu p <0,05; # — oTnuume Mo cpasHeHMIO C BBeAEHNEM ranonornyeckoro pactsopa npu p <0,05;

& — otnnums npw BBEAEHUN ManblX U Gonblunx o3 nentuaa.

DDAVP at different doses (Fig. 1). DDAVP at low and high
doses increased PNR in rats (Tukey’s criterion, p=0.00001,
p=0.00001, respectively) (Fig. 1). PNRs were higher after
administration of low- and high-dose DDAVP compared with
CG (F(3,26)=12.95, p=0.00002; Tukey's criterion, p=0.01,
p=0.04, respectively).

When DDAVP was administered, % A amounted to
45.3+12.0% at low doses and 45.5+11.4% at high do-
ses, which was higher compared to saline administration
(F(2,19)=4.6, p=0.023, Tukey’s criterion, p=0.04, p=0.03,
respectively) (Figure 2), it did not affect serum corticoste-
rone content in different doses (Table 1).

After low-dose DDAVP administration, NE levels de-
creased in parietal cortex compared to CG (F(3,21)=3.78;
p=0.02; Tukey’s criterion, p=0.04); BDNF levels increased
(F(3,21)=3.78; p=0.02; Tukey's criterion, p=0.04) (Tab-
le 2). Low-dose DDAVP in the spinal cord decreased 5-NT
levels (F(3,21)=3.58; p=0.03); increased BDNF levels
(F(3,16)=28.47, p=0.0001; Tukey’s criterion, p=0.01) (Table 3).

After high-dose DDAVP administration, NE levels de-
creased in parietal cortex compared to CG (F(3,21)=3.78;
p=0.02; Tukey’s criterion, p=0.04); BDNF levels increased
(F(3,16)=3.89; p=0.029; Tukey’s criterion, p=0.04) (Table 2).
High-dose DDAVP in the spinal cord decreased 5-NT levels
(F(3,21)=3.45; p=0.03); increased BDNF levels compared
to CG, saline and low-dose peptide administration com-

pared to CG (F(3,19)=14.78, p=0.00003; Tukey’s criterion,
p=0.0001; p=0.0002; p=0.0004, respectively) (Table 3).
Thus, DDAVP reduced pain sensitivity in the thermal
tail immersion test in rats, when administered intranasally
at different doses. Analgesia was associated with similar
changes in NE, 5-NT and BDNF content in the brain regard-
less of administered doses of DDAVP. Low-dose dDAVP de-
creased NE content in parietal cortex, increased NE levels,
and decreased 5-NT content in the spinal cord. DDAVP at
high doses decreased NE content in parietal cortex and de-
creased 5-NT levels in the spinal cord. DDAVP at different
doses increased BDNF content in cortex and spinal cord.

DISCUSSION

This work revealed an analgesic effect of V2R agonist,
DDAVP, when administered intranasally in the tail heat im-
mersion test in rats for the first time. The obtained results
are comparable to the data acquired with intraventricular
administration of AVP [14].

To date, the exact mechanisms of peptide penetration
into the brain during intranasal administration remain poorly
understood. At the same time, it is believed that under these
conditions the central and peripheral effects of AVPs are
due to both its direct penetration into the central nervous
system and its non-direct penetration through the systemic
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bloodstream [28]. The research showed that different do-
ses of DDAVP did not affect the content of corticosterone in
blood, hence, did not cause stress-induced analgesia.

It is known that AVP induces analgesia by activating main-
ly its own receptors. According to the literature, AVP-induced
analgesia at the supraspinal level is caused by activation of
V1aR and V2R in the brain nuclei [26, 27, 29]; whereas the
spinal cord and spinal ganglia are affected by V1aR [19].

Bnepsble nokasaHo y4acTue HOpaZpeHeprnyeckon u
cepotDDAVP was proved to exercise analgesic effects on
noradrenergic and serotoninergic systems, as well as BDNF
for the first time. It is known that the tail thermal immersion
test is accomplished at the spinal level through supraspinal in-
fluences [15]. Analgesia induced by administration of DDAVP
at different doses was induced by changes in NE content at
supraspinal and spinal levels, 5-HT — at the spinal level. It is
known that conductors containing NE and 5-HT at the supra-
spinal level constitute the descending antinociceptive system
[7, 10, 12, 18]. At the spinal level, NE-induced analgesia is
caused by activation of a2-adrenoreceptors; 5-HT-related anal-
gesia is caused by 5-NT1A and 5-HT3 receptors [7, 17, 18].

BDNF content in parietal cortex and spinal cord increased
after peptide administration at different doses. According to
the literature, BDNF-induced analgesia at the supraspinal
level is associated with increased activity of the serotonin-
ergic system and release of endogenous opioid peptides
[21-23]. At the spinal level, it is associated with increased
GABA- and glycinergic transmission in neurons of the pos-
terior horns of the spinal cord [8]. There is reason to believe
that the identified analgesic effects of DDAVP associated with
NE, 5-HT and BDNF could be caused by different molecular
mechanisms at different levels of the nervous system.

CONCLUSION
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AONONMHUTENBbHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOpPbl BHECU CYLLECTBEHHDIN
BKNag B pa3paboTKy KOHLEeNnuuu, npoBeAeHne uccnegosa-
HWS 1 MOAFOTOBKY CTaTbM, MPOYY M 0f406pUNn UHaNbHYH0
Bepcuto nepep nybnukauuen.
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