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ABSTRACT

PURPOSE: The aim of our study was to investigate the influence of nociceptin analogues:
N/OFQ(1-13)NH,; [Dab’J/JOFQ(1-13)-NH, and [Dap’]/OFQ(1-13)-NH, on the blood pressure
oscillations in conscious spontaneously hypertensive rats (SHR).

METODS: The nociceptin analogues were applied intravenously in equal dose -100 nmol/kg b.w.
Blood pressure wave was registered directly through a femoral artery catheter during a control
period and after application of nociceptin analogues. In spectrograms of systolic (SAP), diastolic
(DAP) and mean (MAP) arterial blood pressure, derived by FFT algorithm, spectral power (P) in
the low (LF), mid (MF) and high (HF) frequency band were studied.

RESULTS: NOFQ (1-13)-NH, do not influence the blood pressure oscillations in SHR. The
replacement of lysine with diaminobutyric acid (Dab) in the 9™ position provoke a decrease of
sympathetic mediated oscillations in blood pressure spectrograms in SHR. The replacement of
lysine with diaminopropanoic acid in the 9™ position influence both the sympathetic and
neurohumoral mediated fluctuations of blood pressure spectrograms in SHR.

CONCLUSIONS: These results indicated functional role of aminoacide placed in 9™ position in
the structure of nociceptin for realization of its effects on fast oscillations of arterial blood pressure

THE INFLUENCE OF NOCICEPTIN ANALOGUES ON THE MODULATION

in both normotensive and spontaneously hypertensive rats.
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INTRODUCTION

Nociceptin is an endogenous peptide agonist
for the orphan receptor opioid receptor-like 1
(ORL,) is now known as OP, (1). Despite the
structural similarities of both OP,, with the
opioid receptors and nociceptin, with opioid
peptides, nociceptin and its receptor constitute
a novel neurotransmitter system distinct from
the opioid receptor systems (2, 3). Recently,
the interest to structure-activity relationships of
nociceptin - OP4 receptors increased. The
different structural modifications of nociceptin
have been prepared and analyzed in an attempt
to identify the sequence involved in the
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activation and in the binding of nociceptin to
OP, receptor. Results from structure-activity
experiments suggest that the entire sequence of
NC may not be required for full biological
activities. It has been established that
Nociceptin (1-13)NH,; is a smallest peptide in
which the activity of natural peptide is
preserve (4, 5). The cationic residues Arg *'
and Lys " appear to play a functional role for
the occupation of OP, receptors (6). The OP,
receptors are present on axon terminals of
neurons in the central and peripheral nervous
system and that their activation inhibits
neurotransmitter release (7). The established
wide distribution of OP, receptors (8) and their
ability to modulate transmitter release suggest
the receptor has the potential to modulate a
variety of physiological processes.
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The hypertension is typically associated with
an elevated sympathetic nerve activity (9, 10).
The development of hypertension in
spontaneously hypertensive rats (SHR), a
frequently used rat genetic model of
hypertension, correlated with the increased
overall sympathetic nerve activity (11). In
hypertensive rats, it has been found higher
level of expression of nociceptin precursor
mRNA in aorta or culture of visceral smooth
muscle cells in comparison to normotensive
rats (12).

The aim of our work was to investigate the
effects of nociceptin analogs, modulated in
nine positions on the fast blood pressure
oscillation in spontaneously hypertensive rats.
The fast oscillation of blood pressure has
received considerable attention, because the
patterns of blood pressure variability may
provide important information about different
factors involved in cardiovascular regulation
(13, 14).

MATERIALS AND METHODS
Experiments were carried out on conscious,
male, Wistar rats (n=30), and spontaneously
hypertensive rats (SHR), (n=30) at the same
age 12-14 weeks. The rats included in
experiments were divided in six groups each
consisting of 10 animals. In the first and
second group, consisted of normotensive
Wistar rats and SHR respectively, effect of
nociceptin analog N/OFQ(1-13)-NH, was
investigated. The study of participation of
nociceptin analog [Dab’]/OFQ(1-13)-NH, in
which lysine in 9™ position was replaced with
diaminobutyric acid on the blood pressure
variability was performed in Wistar rats and
SHR in third and fourth group. The effects of
[Dap’J/OFQ(1-13)-NH, in which lysine in 9"
position was replaced with diaminopropanoic
acid on the blood pressure variability were
investigated in Wistar rats and SHR built-in
fifth and sixth groups. The experiments were
conducted in accordance with guidelines for
the care and use of laboratory animals of the
ethical commission at the Medical University -
Sofia based on the Convention on Animal
Protection. The animals were housed under
standard condition: constant temperature 22
°C; 12/12 h light /dark cycle; free access to
standard rat chow and tap water. In the SHR
groups were included only rats with systolic
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arterial pressure over 170 mmHg previously
measured noninvasively by tile cuff method
(Ugo-Basile). One day before experiments
under general anesthesia (Nembutal— Sigma)
applied, in dose 35 mg/kg b.w., i.p., catheters
were inserted in femoral vein for drugs
application and in femoral artery for blood
pressure measurement. The catheters were
tunneled subcutaneously and exteriorized at
the back of the neck. The experiments were
performed on conscious freely moving animals
24 hours after surgical intervention. Arterial
blood pressure wave was measured directly in
femoral artery by blood pressure transducer
Gould Statham P23ID, connected to data
acquisition system Biopac MP100WS. The
nociceptin  analogues  N/OFQ(1-13)-NH,;
[Dab’)/OFQ(1-13)-NH, and [Dap’]/OFQ(1-
13)-NH,, prepared by solid-phase peptide
synthesis and purified by high performance
liquid chromatography were applied in equal
dose (100 nmol/kg b.w.), intravenously. After
a control period the effects of nociceptin
analogs were studied five minutes after its
bolus injection within nine consecutive 10
minute intervals. In the arterial blood pressure
wave the values of systolic (SAP), diastolic
(DAP) and mean (MAP) arterial blood
pressure were determined for each heart beat
by Acknowledge 3.8 software. The obtained
row data of investigated parameters was
simultaneously resampled for 10 Hz. The SAP,
DAP and MAP spectrograms were derived
from 512 successive values in graphical
programming environment Lab View 3.1.1,
trough Fast Fourier Transform (FFT)
algorithm. Spectral power in low (Ppg: 20-195
mHz); mid (Pyg: 195-605 mHz) and high (Pyg:
605-3000 mHz) frequency band were studied.

Statistical analysis was performed by Student’s
t-test. The results are presented as mean+SEM.
Differences at a level p<0.05 were considered
statistically significant.

RESULTS

In SHR systolic, diastolic and mean arterial
blood pressure was significantly higher
compared to normotensive rats in control
condition (Table Ne 1). Application of NOFQ
(1-13)-NH, or modified in nine position
analogs did not change mean values of SAP,
DAP and MAP in investigated intervals.
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Table 1.

Wistar rats SHR Wistar rats SHR Wistar rats SHR
Control period

[ group Il group 1l group VIgroup V group VIgroup
SAPmmHE | 131 4434 17894318 | 1327444 178742488 | 133.15¢37 179 0443 4
DAPmmHg (856436 118,944 38 | 3344322 119244 28 | 84744 3 120.243.0 4
MAPmmHg | 104 3£33 139324248 | 1019231 130.0£3.0#% | 99.824 3 144 4445 ##

Effects of NOFQ (1-13)-NH, , (Fig. 1). The
application of NOFQ (1-13)-NH, lead to a
decrease of Pir and Pyr in Wistar rats in SAP,
DAP and MAP spectrograms in the first, second
and third investigated 10 minute long interval.
The fast oscillations in the high frequency band
were not affected by NOFQ (1-13)-NH;
application. The Prr in SAP, DAP and MAP
spectrograms  decreased from  2.37+0.31,
2.17+0.39 and 2.24+0.35 mmHg® to 1.46+0.34,
1.29+0.24 and 1.42+0.25 mmHg® in the first
investigated interval; in the second 10 min long
interval to 1.38+0.33, 1.02+0.20, 1.14+0.10
mmHg® (p<0.05) and to 1.55+0.23, 1.31+0.19,
1.42+0.15 mmHg® in the third investigated
interval respectively. The Pyr was reduced in
the spectrograms of SAP by

N/OFQ(1-13)-NH,

Wistar rats
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34.5%, (from 1.21+0.14 to 0.79+0.07 mmHg?),
47.9% (to 0.63+0.23 mmHg®), 43.7% (to
0.68+£0.12 mmHg?); in DAP spectrograms by
46.9% (from 1.1140.13 to 0.59+0.09 mmHg?),
41.6% (to 0.65£0.07 mmHg®), 43.1% (to
0.63+0.09 mmHg?) and in MAP spectrograms by
42.3% (from 1.26+0.13 to 0.73+0.08 mmHg?),
40.4% (to 0.75£0.07 mmHg®), 36.8% (to
0.79+0.09 mmHg?), (p<0.05) during the first,
second and third investigated 10 minute long
interval. In the course of the fourth investigated
period after application of N/OFQ(1-13)NH, the
spectral power in the low and mid frequency
bands returned to their control level. In contrast
to normotensive rats in SHR application of
NOFQ (1-13)-NH; did not change spectral power
of SAP, DAP and MAP spectrograms (Fig. 1).

SHR

——F

Fig. 1. Effects of N/OFQ(1-13)NH, application on spectral power distribution of systolic (SAP),
diastolic (DAP) and mean (MAP) arterial blood pressure in low (Prr), mid (Pvr), high (Pyr) frequency
band in normotensive Wistar rats and in spontaneously hypertensive rats (SHR).

* (p<0.05) shows statistically significant effects as a result of intravenously application (100 nmol/kg b.w.) of
nociceptin analog N/OFQ(1-13)NH2 compared to control values.
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Effects of [Dab’]/OFQ(1-13)-NH,, (Fig. 2).
The modified in 9" position nociceptin analog
[Dab’)/OFQ(1-13)-NH, also decreased Py and
Pvr in the blood pressure spectrograms in
Wistar rats, however decrease of Ppr displayed
in the second 10 min long interval and
prolonged to sixth investigated interval: from
3.10+0.22 msec? in control period to 2.30+0.28
msec® (p<0.05) in the second, to 1.73+0.29
msec” (p<0.05) in the third to 1.65+0.36 msec’
(p<0.05) in the forth , to 1.83+0.28 msec’
(p<0.05) in the fifth and to 1.92 £ 0.50 msec’
(p<0.05) in the sixth 10 minute interval (Fig.2).
In the course of the seventh investigated
interval after application of [Dab *JN/OFQ(1-
13)NH, the spectral power in the low
frequency band returned to its control level.
The Pyr in SAP, DAP and MAP spectrograms
was reduced from 2.18+0.30; 1.58+0.19 and
1.86+0.11 mmHg” to 1.13+0.30; 1.15+0.10 and
t01.09+0.33 mmHg® in the third and to
1.08+0.23; 0.77+0.14 and to 1.11+0.27 mmHg’
in the forth 10 minute long intervals,
respectively (p<0.05). Interestingly,
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application ~ of  [Dab’]N/OFQ(1-13)NH,
provoked a decrease in Pyr only in the SAP
spectrograms in intervals between 10-40 min:
from 1.09+0.11 mmHg’ in control period to
0.86+0.06 mmHg* 0.72+0.08 mmHg® and
0.79+0.07 mmHg® in the second, third and
forth investigated 10 min long  interval
respectively, (p<0.05).

In SHR application of [Dab’]N/OFQ(1-13)NH,
provoked a decrease in Py in SAP, DAP and
MAP spectrograms in the first interval from
1.48+0.09 to 0.87+0.13 mmHg’, (p<0.05). In
the second interval, Py in SAP spectrograms
returned to its control level 1.43+0.26 mmHg’.
In DAP and MAP spectrograms the decrease in
Pure was preserve and to the second 10 minute
long interval. The Pyr in the first and second
investigated interval was decrease
from1.11+£0.24 to 0.58+0.13 and to 0.59+0.11
mmHg® (p<0.05) in DAP spectrograms and
from 1.96+0.35 to 0.59+0.08 and to 0.86+0.1
mmHg?2, (p<0.05) in MAP spectrograms.

[Dab?]N/OFQ(1-13)-NH,

Wistar rats
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Fig. 2 Effects of [Dab’]/OFQ(1-13)-NH, application on spectral power distribution of systolic (SAP),
diastolic (DAP) and mean (MAP) arterial blood pressure in low (PLr), mid (Pygr), high (Pyr) frequency
band in normotensive Wistar rats and in spontaneously hypertensive rats (SHR).

* (p<0.05) shows statistically significant effects as a result of intravenously application (100 nmol/kg b.w.) of
nociceptin analog [Dab’]/OFQ(1-13)-NH, compared to control values.
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Effects of [Dap®]/OFQ(1-13)-NH,, (Fig. 3). In
Wistar rats application of nociceptin analog
[Dap’J/OFQ(1-13)-NH, in which lysine in 9™
position was substitute with diaminopropanoic
acid did not change fast oscillations of arterial
blood pressure. In contrast to Wistar rats in
SHR this analog provoked a decrease of both
LF and MF spectral power in the first 10
minute long interval in SAP, DAP and MAP
spectrograms. In SAP spectrograms P;r and
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Pyr decreased from 1.93+0.14 to 0.83+0.10
msec’ and from 0.92£0.10 Ha 0.48+0.06
mmng; in DAP spectrograms P;r and Pyr
decreased from 1.6740.15 to 0.62+0.14 msec’
and from 0.75£0.13 to 0.38+0.05 mmHg’,
(p<0.05) and in MAP spectrograms P r and
Pyr decreased from 2.40+0.26 to 0.89+0.20
and from 0.92+0.04 to 0.39+0.26 mmHg2,
(p<0.05).

[Dap’]N/OFQ(1-13)-NH,

Wistar rats

SHR
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Fig. 3. Effects of [Dap’]/OFQ(1-13)-NH, application on spectral power distribution of systolic (SAP),
diastolic (DAP) and mean (MAP) arterial blood pressure in low (Prr), mid (Pvr), high (Pyr) frequency
band in normotensive Wistar rats and in spontaneously hypertensive rats (SHR).

* (p<0.05) shows statistically significant effects as a result of intravenously application (100 nmol/kg b.w.) of
nociceptin analog of [Dap’]/OFQ(1-13)-NH, compared to control values.

DISCUSION: In our study we compared the
effects of nociceptin analogues: NOFQ (1-13)-
NH, who is a smallest peptide in which the
activity of natural peptide nociceptin is
preserve and two analogs in which cationic
residue Lys’ is replaced with diaminobutyric or
diaminopropanoic acid on the fast oscillations
of arterial blood pressure in conscious
normotensive and spontaneously hypertensive
rats. It has been supposed that Lys’ plays a
functional role for the occupation of OP,
receptors (6). The differences between lysine,
2,4-diaminobutyric and 2,3-diaminopropanoic
acid are expressed in the count of CH, groups.

Trakia Journal of Sciences, Vol. 8, Suppl. 2, 2010

In the normotensive Wistar rats, NOFQ (1-13)-
NH, application affect the fast oscillations in
the low frequency, mediated by neurohumoral
factors (14) and in mid frequency mediated
mainly by sympathetic nerve activity (11, 13,
14). In normotensive Wistar rats the
[Dab’)/OFQ(1-13)-NH, application, besides of
established decrease of low and mid frequency
power, provoked by NOFQ(1-13)-NH,
decreased and high frequency spectral power,
mediated by respiration rate (13, 14). The
replacement of lysine with diaminobutyric acid
in the 9™ position, display enhanced effect on
the blood pressure variations in Wistar rats.
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Interestingly, application of [Dap’]/OFQ(I-
13)-NH, did not affects fast oscillation of
arterial blood pressure in normotensive rats.
The replacement of Lys’ with diaminobutyric
acid provoked alterations in all investigated
spectral bands, whereas replacement of Lys’
with shorter amino acid diaminopropanoic acid
did not change wvariation in arterial blood
pressure in Wistar rats. These results indicated
functional role of Lys’ for realization of effect
of nociceptin on the fast oscillations of arterial
blood pressure in normotensive Wistar rats.
The structural modification related with length
of CH,-chain be able to enhance:
[Dab’JJOFQ(1-13)-NH, or to  abolish:
[Dap’/OFQ(1-13)-NH, the observed effects
provoked by NOFQ (1-13)-NH,. These results
indicated that the long of CH,-chain of cationic
residue in nine position have an important role
for realization of biological effects of
nociceptin analogs on the fast oscillations of
arterial blood pressure in Wistar rats.

In contrast to normotensive Wistar rats in
SHR, NOFQ (1-13)-NH, did not influence fast
oscillations of arterial blood pressure in
investigated spectral bands. It have been found
higher level of expression of mnociceptin
precursor mRNA in aorta or culture of visceral
smooth muscle cells in hypertensive rats
compared to those from normotensive rats
(12). The established high level of nociceptin
precursor mRNA is probably a signs for other
compensatory mechanism involved in the
regulation of arterial blood pressure in
hypertensive states. In maintenance of this
supposition  vasorelaxant  properties  of
nociceptin  in  phenilephrine-precontracted
segments from cat renal, mesenteric, carotid
and femoral arteries with intact endothelium,
are established (15).

However, applications of nopciceptin analogs
in which Lys’ is replaced with diaminobutyric
or diaminopropanoic acid evoked transient
changes of fast oscillations of arterial blood
pressure immediately after its application.
These results indicated that in SHR structural
modification in the nine-position increased
ability of nociceptin analogs for achievement
of effects on the blood pressure variability. In
SHR [Dap’J/JOFQ(1-13)-NH, decreased only
sympathetically mediated mid frequency
spectral power, whereas effect of nociceptin
analog [Dap’]/OFQ(1-13)-NH, extended and
to low frequency fluctuations, generated by
many factors including thermoregulation,
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activity of bradikinin and renin-angiotensin
system (14, 17). The established increased
level of overall sympathetic nerve activity (11,
16) in SHR as well as evidences for specific
neurohumoral interactions (18) in hypertensive
states may be explain the differences of
responses to application of nociceptin analogs
between Wistar rats and SHR.

Acknowledgements: This work was support
by Grant NeBVY-JI-205/2006 from Bulgarian
National Science Fund.

REFERENCES:

1. Dhawan BN, Cesselin F, Raghubir R,
Reisine T, Bradley PB, Portoghese PS,
Hamon M., International Union of
Pharmacology. XII. Classification of
opioid receptors. Pharmacol Rev.,
48(4):567-92, 1996.

2. Henderson G, McKnight AT., The orphan
opioid receptor and its endogenous ligand-
-nociceptin/orphanin FQ. Trends
Pharmacol Sci., 18(8):293-300, 1997.

. Meunier JC., Nociceptin/orphanin FQ and
the opioid receptor-like ORL1 receptor.
Eur J Pharmacol., 340(1):1-15, 1997.

. Bigoni, R., Giuliani, S., Calo' G., Rizzi, A.,
Guerrini, R., Salvadori, S., Regoli, D.,
Maggi, CA., Characterization of nociceptin
receptors in the periphery: in vitro and in
vivo studies. Naunyn Schmiedebergs Arch
Pharmacol., 359(3):160-7., 1999.

. Kapusta, DR., Chang, JK., Kenigs, VA.,
Central administration of [Phelpsi(CH2-
NH)Gly2]nociceptin(1-13)-NH2 and
orphanin FQ/nociceptin (OFQ/N) produce
similar cardiovascular and renal responses
in conscious rats. J Pharmacol Exp Ther.,
289(1):173-80, 1999.

. Guerrini R, Calo G, Rizzi A, Bianchi C,
Lazarus LH, Salvadori S, Temussi PA,
Regoli D., Address and message sequences
for the nociceptin receptor: a structure-
activity study of nociceptin-(1-13)-peptide
amide. J Med Chem., 6;40(12):1789-93,
1997.

. Giuliani S, Lecci A, Maggi CA., Nociceptin
and neurotransmitter release in the
periphery. Peptides, 21(7):977-84, 2000.

8. Mollereau C, Mouledous L., Tissue
distribution of the opioid receptor-like
(ORL1) receptor. Peptides, 21(7):907-17,
2000.

. Guyenet PG., The sympathetic control of
blood pressure. Nat Rev Neurosci., 7:335—
346, 2006.

W

N

93]

(o)

\]

Ne)

112 Trakia Journal of Sciences, Vol. 8, Suppl. 2, 2010



10.

11.

12.

13.

14.

Schlaich MP, Lambert E, Kaye DM,
Krozowski Z, Campbell DJ, Lambert G,
Hastings J, Aggarwal A & Esler MD.,
Sympathetic augmentation in
hypertension: role of nerve firing,
norepinephrine reuptake, and angiotensin
neuromodulation. Hypertension, 43:169—
175, 2004.

Almog Y, Eldor S, Oz O, Akselrod S.
Beat-to-beat fluctuations in the BP related
signals in rats: can it contribute to the
understanding of the development of
hypertension? J Auton Nerv Syst.,
3;69(1):39-48, 1998.
Wei Y, Ouyang D, Liu Y, Chang Z, Tang
J, Ding J. Peripheral tissue distribution of
orphanin FQ precusor mRNA in stroke-
prone spontaneously hypertensive rats.
Chin Med Sci J., 14(2):67-70, 1999.
Persson, PB., Spectrum analysis of
cardiovascular time series. Am J Physiol.,
273(4 Pt 2):R1201-10, 1997.

Malpas, SC. Neural influences on
cardiovascular variability: possibilities and

15.

16.

17.

18.

GIRCHEV R., et al.
pitfalls. Am J Physiol Heart Circ Physiol.,
282(1):H6-20, 2002.

Gumusel B, Hao Q, Hyman A, Chang JK,
Kapusta DR, Lippton H., Nociceptin: an
endogenous agonist for central opioid likel
(ORL1) receptors possesses systemic
vasorelaxant  properties.  Life  Sci.,,
60(8):PL141-5, 1997.

Malinowska, B., Godlewski, G., Schlicker,
E., Function of nociceptin and opioid OP4
receptors in the regulation of the
cardiovascular ~ system. J  Physiol
Pharmacol., 53(3):301-24, 2002.

Blanc J, Lambert G, Elghozi JL.,
Activation of the renin-angiotensin system
and blood pressure variability in rats. Arch
Mal Coeur Vaiss., 93(8):1019-22, 2000.
Félétou M, Vanhoutte PM., Endothelial
dysfunction: a multifaceted disorder (The
Wiggers Award Lecture). Am J Physiol
Heart Circ Physiol. 291(3):H985-1002,
2006.

Trakia Journal of Sciences, Vol. 8, Suppl. 2, 2010 113



