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Abstract
Stress is known to exert an influence on neuroendocrine, autonomic, hormonal functioning. Various stress models have been report-
ed to induce analgesia. This is a phenomenon, referred to as stress-induced analgesia (SIA). Nociceptin/Orphanin FQ(N/OFQ) is a 
heptadecapeptide that has been found to play a direct role on pain perception.

This study aimed to investigate the effects of novel nociceptin analogues on nociception after acute and chronic immobilization 
stress (CIS) and the involvement of the opioid and nociceptinergic systems in analgesic effects. Analgesic effects were examined by 
paw-pressure (PP) and hot-plate (HP) tests.

Our data showed that acute immobilization stress induced hypoalgesia. The analgesic effect was more pronounced in pain caused 
by a mechanical stimulus than by a thermal one. CIS attenuated the hyperalgesic effect of naloxone and JTC-801 for mechanical 
and thermal stimulation. The effects of the opioid system are more pronounced in acute immobilization stress, while the nociceptin 
mechanisms predominate after chronic stress.
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Introduction

Stress causes functional and structural changes in the body 
as a result of the interaction between the central nervous 
system (CNS), endocrine and immune systems (Pacak 
and Palkovits 2001). Opioid peptides are released during 
stress, leading to antinociceptive effects. This is a pheno-
menon, referred to as stress-induced analgesia (SIA). SIA 

is observed in many species of animals and can be caused 
by various stressors - immobilization, low, high tempera-
ture, social stressors (Miczek et al. 1982; Teskey et al. 1984; 
Lester and Fanselow 1985; Kavaliers and Innes 1987; Kava-
liers 1990; Kavaliers and Colwell 1991). SIA is categorized 
as: opioid and non-opioid. The non-opioid component in-
cludes a number of neurotransmitter systems: adrenergic 
(Micutkova et al. 2001), serotonergic, endocannabinoid 
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(Finn 2010), nociceptinergic (Gavioli and Calo’ 2013; 
Witkin et al. 2014; Gavioli et al. 2019), which alter pain 
perception and modulation of behavioral responses after 
stress (Pacak and Palkovits 2001; Butler and Finn 2009).

One of the mechanisms known to play a part in the re-
sponse of an organism to stress is activation of the endog-
enous opioid system. The wide distribution of opioidergic 
neurons and opioid receptors in the CNS and peripheral 
nervous system determines the participation of the opioid 
system in the control of analgesia, neuroendocrine secre-
tion, locomotor activity, learning and memory, addiction 
and tolerance (Cesselin 1995; Millan et al. 1996).

Molecules that are classified as anti-opioids are syn-
thesized and released in the CNS. Nociceptin/orphanin 
FQ (N/OFQ), neuropeptide FF (NPFF), cholecystokinin 
(CCK), melanocyte inhibiting factor (MIF)-related pep-
tides and others have anti-opioid properties (Cesselin 
1995). Anti-opioids have morphinomimetic, anti-opi-
oid effects antagonized by naloxone (Kastin et al. 1979; 
Cesselin 1995).

Nociceptin/Orphanin FQ (N/OFQ) is derived from 
pro-nociceptin/orphanin FQ (Mogil and Pasternak 2001; 
Rizzi et al. 2002). The amino acid sequence of nociceptin 
is very similar to that of other opioid peptides, especially 
Dynorphin A, which is evidence of the close evolution-
ary link between precursors. The first amino acid at the 
N-terminal of nociceptin is Phe, while the other opioid 
peptides contain the following fragment: Tyr1-Gly2-Gly3-
Phe4-Met5/Leu5. These peptides have different affinity 
for µ (MOR), δ (DOR), and κ (KOR) opioid receptors 
(Pasternak and Wood 1986; Besse et al. 1990; Reisine and 
Bell 1993; Kieffer 1995), while they have low affinity for 
the nociceptin opioid peptide (NOP) receptor (Mollereau 
et al. 1996; Mogil and Pasternak 2001).

It has been reported that the N/OFQ-NOP receptor 
system modulates several biological functions, including 
pain transmission, stress and anxiety, learning and mem-
ory, food intake (Mogil and Pasternak 2001; Rizzi et al. 
2002). The activity of N/OFQ in pain modulation was dif-
ferent when it was administered in the brain versus the 
spinal cord, this also depended on the assay used (Toll et 
al. 2019). Many biological actions of N/OFQ are report-
ed to alleviate behavioral and sensory responses to stress, 
such as fear responses (Jenck et al. 1997) and analgesia 
(Rizzi et al. 2001).

A growing body of evidence suggests that stress mod-
ulates endogenous N/OFQergic signaling. This includes: 
evidence regarding the distribution of the peptide N/OFQ 
and the NOP protein in brain regions important in stress 
(Witkin et al. 2014); the effects of stress in regulating N/
OFQ release and NOP expression (Devine et al. 2001); the 
ability of the N/OFQ-NOP system to modulate the hypo-
thalamic-pituitary-adrenal (HPA) axis; behavioral data 
obtained with selective NOP agonists and antagonists, as 
well with NOP knockout (NOP(-/-)) animals in different 
stress-related animal models.

The aim of this study was to investigate the analgesic 
effects of novel analogues of N/OFQ(1-13)NH2, where Lys 

at position 9 and/or 13 was substituted by Orn on noci-
ception after acute and chronic immobilization stress and 
the involvement of the opioid and nociceptinergic systems 
in these effects.

Materials and methods
Chemisrty

The protected amino acids and Fmoc-Rink Amide MBHA 
Resin were purchased from Iris Biotech (Germany). All 
other reagents and solvents were analytical or HPLC 
grade and were bought from Merck (Germany). The 
LC/MC spectra were recorded on a LTQ XL Orbitrap 
Discovery instrument, Thermo Corporation, USA. The 
optical rotation was measured on automatic standard 
polarimeter Polamat A, Carl Zeis, Jena. The conventio-
nal solid-phase peptide synthesis based on Fmoc (9-flu-
orenylmethoxycarbonyl) chemistry was employed to 
synthesize a series of new analogues of N/OFQ (1-13). 
Rink-amide MBHA resin and TBTU (2-(1H-benzotria-
zole-1-yl)-1,1,3,3-tetramethyluronium tetrafluoroborate) 
or DIC (N,N'-Diisopropylcarbodiimide) were used as 
solid-phase carrier and condensing reagent. Three-func-
tional amino acids were embedded as Nα-Fmoc-Thr(tBu)-
OH, Nα-Fmoc-Lys(Boc)-OH, Nα-Fmoc-Orn(Boc)-OH, 
Nα-Fmoc-Arg(Pbf)-OH. The coupling reactions were per-
formed, using for amino acid/TBTU/HOBt/DIEA/resin 
a molar ratio 3/3/3/9/1 or amino acid/DIC/HOBt/resin a 
molar ratio 3/3/3/1. The Fmoc-group was deprotected by a 
20% piperidine solution in N,N-Dimethylformamide. The 
coupling and deprotection reactions were checked by the 
Kaiser test. The cleavage of the synthesized peptide from 
the resin was done, using a mixture of 95% trifluoroacetic 
acid (TFA), 2.5% triisopropylsilane (TIS) and 2.5% water. 
The peptide was obtained as a filtrate in TFA and preci-
pitated with cold dry ether. The precipitate was filtered, 
dissolved in water and lyophilized to obtain the crude 
peptide. The peptide purity was monitored on a RP-HPLC 
XTera C18 3.5 μm (125×2.1 mm) (Waters Co.) column, 
flow 200 μl/min, using a linear binary gradient of phase 
B from 10% to 90% for 15 min (phase A: 0.1% HCOOH/
H2O; phase B: 0.1% HCOOH/AcCN). The compounds 
were checked by electrospray ionization mass spectrome-
try and the optical rotation was measured in water.

Animals

The experiments were carried out on 144 male Wistar 
rats (180–200 g) kept under normal conditions at am-
bient room temperature (22±2 °C), maintained under a 
12 h/12 h light/dark regime, and supplied with standard 
chow and water ad libitum. The animals were divided 
into 24 groups, each one consisted of 6 animals. All expe-
riments were performed by the requirements of the Bul-
garian Food Safety Agency for work with animals with a 
registration license № 239.
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Acute model of immobilization stress

The animals are placed for 1 hour in special transparent 
plastic cylinders with breathing holes, but limiting their 
movements to a minimum.

Chronic model of immobilization stress

The animals are placed for 3 hours daily for 4 days in spe-
cial transparent plastic cylinders with breathing holes, li-
miting their movements to a minimum.

Nociceptive tests

Paw-pressure test

The evaluation of antinociceptive effects was carried out 
using the paw-pressure (PP) test (Randall and Selitto 
1957). The changes in the mechanical nociceptive thres-
holds of the rats were measured by an analgesimeter (Ugo 
Basile). The pressure was applied to the rat hind-paw and 
the pressure (g) required for eliciting a nociceptive res-
ponse, such as a squeak or struggle, was taken as the me-
chanical nociceptive threshold. A cut-off value of 500 g 
was observed to prevent damage of the paw.

Hot-plate (HP) test
Thermal nociceptive stimulus is applied to the paws of freely 
mobile animals. The latency of response to pain was measured 
from the moment the animal was placed on the metal plate 
(heated to 55 ± 0.5 °C) till the first signs of pain (paw licking, 
jumping). A cut-off time of 30 sec. was observed in order to 
avoid injury of the animals. Time is reported in seconds.

Drugs and treatment

Nociceptin analogues were synthesized in the laboratory 
of Prof. Ph.D. E. Naydenova in the University of Chemical 
Technology and Metallurgy – Sofia. All novel analogues 
of N/OFQ were injected at a dose of 10 μg/kg. All drugs 
were obtained from Sigma. Naloxone (Nal, non-selective 
opioid receptor antagonist, 1 mg/kg), was applied im-
mediately after the end of stress and 20 min before each 
peptide. JTC-801 (NOP receptor antagonist, 0.5 mg/kg), 
was administered immediately after the end of stress and 
10 min before each peptide. All drugs were dissolved in 
saline (0.9% NaCl) solution and were injected intraperito-
neally (i.p.). The control group was not submitted to stress 
procedure and was injected with saline 0.1 ml/kg, i.p.

The experimental studies were performed following 
several protocols:

1)	In the first place the impact of acute one hour of 
immobilization stress (1hIS) and chronic immobi-
lization stress (CIS) on nociception was estimated 
and the effects of N/OFQ and novel nociceptin an-
alogues administration immediately after the end of 
1hIS and CIS;

2)	The participation of the opioidergic system in the 
analgesic effects of the novel nociceptin analogues 
was confirmed by Naloxone pretreatment applied 
immediately after stress (1hIS/CIS) before novel no-
ciceptin analogues;

3)	The participation of the nociceptinergic system 
in the analgesic effects of the novel nociceptin an-
alogues was confirmed by JTC-801 pretreatment 
applied immediately after stress (1hIS/CIS) before 
novel nociceptin analogues.

Data analysis

The results were presented as mean values±S.E.M. and 
were tested by one-way ANOVA, followed by Fisher’s 
least significant difference procedure as a post-hoc test. 
The differences between the groups were considered 
statistically significant at p ≤ 0.05. Analyses were per-
formed using STATGRAPHICS Centurion XV statisti-
cal software.

Results and discussion

In order to study and establish the influence of the amino 
acids Lys9 and Lys13, we synthesized by Solid Phase Pep-
tide Synthesis, Fmoc-strategy, the following new fragment 
analogs of N/OFQ(1-13)NH2:

[Orn9]N/OFQ(1-13)NH2:Н-Phe1-Gly2-Gly3-Phe4-
Thr5-Gly6-Ala7-Arg8-Orn9-Ser10-Ala11-Arg12-Lys13-NH2

[Orn9,Orn13]N/OFQ(1-13)NH2:H-Phe1-Gly2-Gly3-Phe4-
Thr5-Gly6-Ala7-Arg8-Orn9-Ser10-Ala11-Arg12-Orn13-NH2

The compounds were tested on nociception after acute 
and chronic immobilization stress (CIS) and the involve-
ment of the opioidergic and nociceptinergic systems in 
these effects.

Effects of novel nociceptin analogues 
after acute immobilization stress

In the first experiment one hour of immobilization stress 
(1hIS) increased the pain threshold and hot-plate laten-
cy of experimental animals compared to the controls. 
The analgesic effect was more pronounced in pain cau-
sed by a mechanical stimulus (Fig. 1) than by a thermal 
one (Fig. 2). Our data showed that on the 10th, 20th and 
30th min of the experiment N/OFQ(1-13)NH2, [Orn9]N/
OFQ(1-13)NH2 and [Orn9,Orn13]N/OFQ(1-13)NH2 de-
creased significantly (р < 0.05) pain threshold compared 
to a group that underwent acute stress only.

Pronounced stress-induced analgesia was observed at 
the 10th min after the acute immobilization stress. In the 
PP test, the pain threshold increased almost twice (94.5%) 
at the 10th min, and the antinociceptive effect continued 
throughout the study period. In the HP test involving 
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thermoreceptors, the effect was statistically significant 
only at the 10th min (latency increased by 21%).

Literature data showed that immobilization stress caus-
es an increase in antinociception in tail-flick (Aloisi et al. 
1998), hot-plate (Amir and Amit 1978), and formalin tests 
(Appelbaum and Holtzman 1985). The evidence that N/
OFQ decreased tail-flick and hotplate latency, when cen-
trally administered, was reported with the discovery of 
this peptide (Meunier et al. 1995).

Naloxone was used in the second experiment to inves-
tigate the involvement of the opioidergic system in the 
analgesic effects of the analogues. The obtained results 
showed that naloxone applied immediately after 1hIS de-
creased significantly (р < 0.001) pain threshold. Naloxone 
induced hyperalgesia, more pronounced for mechanical 

pain. Co-administration of nociception and analogues 
with naloxone after ending of stress decreased significant-
ly (р < 0.05) pain threshold and hot-plate latency for the 
whole period of the study compared to a group that un-
derwent acute stress only (Figs 3, 4).

Literature and previous data of ours showed that the 
antinociception induced by i.c.v. L-Orn was abolished by 
naloxone and naltrindole and suggested the involvement 
of opioid receptors (Kawabata et al. 1996; Dzambazova et 
al. 2008). Considering these findings it was not surprising 
that naloxone inhibited the analgesic effects of newly syn-
thesized N/OFQ(1-13)NH2 analogues which suggested 
the involvement of opioidergic system.

In the third experiment, the effect of nociceptin and ana-
logues on the nociceptin neurotransmitter system after 1hIS 

Figure 1. Effects of nociceptin N/OFQ(1-13)NH2 and novel 
nociceptin analogues [Orn9]N/OFQ(1-13)NH2, [Orn9,Orn13]N/
OFQ(1-13)NH2 (all at a dose 10 µg/kg, i.p) on nociception mea-
sured by Paw-Pressure (PP) test in male Wistar rats after 1 hour of 
immobilization stress (1hIS). Mean values ± S.E.M. are presented 
(*p < 0.05; **p < 0.01 vs. control; +p < 0.05; ++p < 0.01 vs. 1hIS).

Figure 2. Effects of nociceptin N/OFQ(1-13)NH2 and novel 
analogues [Orn9]N/OFQ(1-13)NH2, [Orn9,Orn13]N/OFQ(1-13)
NH2 (all at a dose 10 µg/kg, i.p) on nociception measured by 
Hot-Plate (HP) test in male Wistar rats after 1 hour of immobi-
lization stress (1hIS). Mean values ± S.E.M. are presented (*p < 
0.05 vs. control; +p < 0.05 vs. 1hIS).

Figure 3. Effects of Naloxone (Nal, 1 mg/kg, i.p) when co-ad-
ministered with N/OFQ(1-13)NH2 and novel analogues [Orn9]
N/OFQ(1-13)NH2, [Orn9,Orn13]N/OFQ(1-13)NH2 (all at a dose 
10 µg/kg, i.p) on the pain threshold measured by PP test in male 
Wistar rats after 1hIS. Mean values ± S.E.M. are presented (*p < 
0.05 vs. control; ++p < 0.01; +++p < 0.001 vs. 1hIS).

Figure 4. Effects of Naloxone (Nal, 1 mg/kg, i.p) when co-ad-
ministered with N/OFQ(1-13)NH2 and novel analogues [Orn9]
N/OFQ(1-13)NH2, [Orn9,Orn13]N/OFQ(1-13)NH2 (all at a dose 
10 µg/kg, i.p) on nociception measured by HP test in male Wis-
tar rats after 1hIS. Mean values ± S.E.M. are presented (*p < 0.05 
vs. control; +p < 0.05; ++p < 0.01 vs. 1hIS).
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was studied. JTC-801 (NOP receptor antagonist) was ad-
ministered at a dose of 0.5 mg/kg, i.p. immediately after the 
end of stress and 10 min before administration of the pep-
tides. Nociceptin and analogues [Orn9]N/OFQ(1-13)NH2, 
[Orn9,Orn13]N/OFQ(1-13)NH2 administered with JTC-801 
after immobilization stress decreased the pain threshold sig-
nificantly (p < 0.05) on 10th, 20th, and 30th min and hot-plate 
latency (p < 0.05) compared to a group that underwent acute 
stress only (Figs 5, 6). Our results showed that [Orn9,Orn13]
N/OFQ(1-13)NH2 decreased the pain threshold more pro-
nounced compared to the [Orn9]N/OFQ(1-13)NH2. The 
obtained results suggest the participation of nociceptinergic 
system in the analgesic effects of nociceptin and analogues.

Effects of novel nociceptin analogues 
after chronic immobilization stress

To evaluate the effects of opioid and nociceptin neurot-
ransmissions after chronic immobilization stress (CIS), we 
conducted a series of experiments with a design similar to 
that of acute immobilization stress. The animals were im-
mobilized for 3 hours daily for 4 days. Naloxone and JTC-
801 were administered immediately after the end of stress.

Our results showed that CIS caused a slight increase 
in pain threshold and hot-plate latency, which were not 
statistically significant versus the controls. Nociceptin 
and analogues [Orn9]N/OFQ(1-13)NH2, [Orn9,Orn13]N/
OFQ(1-13)NH2 administered after CIS decreased the pain 
threshold and hot-plate latency significantly (p < 0.05) 
compared to a group that underwent chronic stress only. 
The newly synthesized analogues of N/OFQ(1-13)NH2, in 
which the Lys at the 9th and 13th positions substituted with 
Orn suppressed the pain threshold more strongly than 
that of [Orn9]N/OFQ(1-13)NH2 after CIS (Figs 7, 8).

The administration of naloxone led to significantly re-
duced values of the pain threshold and hot-plate latency 
after the end of chronic immobilization (p < 0.05). The 
effect of naloxone was more significant in the HP test (la-
tency decreased by 72%) compared to the PP test (pain 
threshold decreased by 36%). Simultaneously application 
of naloxone with nociceptin and analogues reduced the 
mechanical threshold and thermal pain significantly (p < 
0.05) compared to a group that underwent chronic stress 
only (Figs 9, 10).

Chronic immobilization stress did not evoke hypoalge-
sia, but attenuated the hyperalgesic effect of naloxone for 
mechanical and thermal stimulation.

Application of JTC-801 after the end of chronic im-
mobilization significantly reduced (p < 0.05) the pain 
threshold and hot-plate latency compared to a group that 

Figure 5. Effects of JTC-801 (0.5 mg/kg, i.p) co-administration 
with N/OFQ(1-13)NH2 and novel analogues [Orn9]N/OFQ(1-
13)NH2, [Orn9,Orn13]N/OFQ(1-13)NH2 (all at a dose 10 µg/kg, 
i.p) on nociception measured by PP test in male Wistar rats after 
1hIS. Mean values ± S.E.M. are presented (*p < 0.05; **p < 0.01 
vs. control; +p < 0.05; ++p < 0.01 vs. 1hIS).

Figure 6. Effects of JTC-801 (0.5 mg/kg, i.p) co-administration 
with N/OFQ(1-13)NH2 and novel analogues [Orn9]N/OFQ(1-
13)NH2, [Orn9,Orn13]N/OFQ(1-13)NH2 (all at a dose 10 µg/kg, 
i.p) on nociception measured by HP test in male Wistar rats after 
1hIS. Mean values ± S.E.M. are presented (*p < 0.05 vs. control; 
+p < 0.05 vs. 1hIS).

Figure 7. Effects of nociceptin N/OFQ(1-13)NH2 and novel 
nociceptin analogues [Orn9]N/OFQ(1-13)NH2, [Orn9,Orn13]N/
OFQ(1-13)NH2 (all at a dose 10 µg/kg, i.p) on nociception mea-
sured by PP test in male Wistar rats after chronic immobilization 
stress (CIS). Mean values ± S.E.M. are presented (*p < 0.05; **p < 
0.01 vs. control; +p < 0.05; ++p < 0.01 vs. CIS).



Himcheva I et al.: Effects of nociceptin analogues after acute and chronic immobilization stress940

underwent chronic stress only. Nociceptin and analogues 
[Orn9]N/OFQ(1-13)NH2, [Orn9,Orn13]N/OFQ(1-13)NH2 
administered with JTC-801 after CIS decreased the pain 
threshold and hot-plate latency significantly (p < 0.05) on 
10th, 20th and 30th min compared to a group with CIS only. 
The obtained results suggest the participation of nocicep-
tinergic system in the analgesic effects of nociceptin and 
analogues after CIS (Figs 11, 12).

The obtained results give us reason to assume that 
chronic immobilization stress induces mild hypoalgesic ef-
fects, in which the modulation of pain perception is medi-
ated primarily by the nociceptin neurotransmitter system.

Stress-induced analgesia is a key component of the 
“fight-or-flight” response. Immobilization is very often 
used as a model of stress-induced analgesia (Stevens et al. 
1995; Goyal and Anil 2007). The data been shown that in 
addition to the nature of the stressor, the duration of ac-
tion of the stimulus is extremely important for activating 

the opioid and non-opioid components that provide pain 
inhibition (Parikh et al. 2011). Literature data showed that 
opioid and non-opioid components are equally presented 
in immobilization stress (Pacak and Palkovits 2001; Finn 
2010). It is also known that acute and chronic stress in-
duce biochemical changes affecting both pain threshold 
and behaviour (Pacak and Palkovits 2001; Butler and 
Finn 2009). A number of mediators and neurotransmit-
ter systems are involved in SIA – opioidergic, nociceptin-
ergic (Witkin et al. 2014; Gavioli et al. 2019), adrenergic 
(Micutkova et al. 2001), endocannabinoid (Finn 2010) 
and others. The cross-talk between nociceptin and opioid 
systems, supported by anatomical, biochemical and mo-
lecular data is revealed (Gavioli et al. 2021).

The results suggest that acute and chronic immobili-
zation stress induced hypoalgesia is mediated by opioid 

Figure 8. Effects of nociceptin N/OFQ(1-13)NH2 and novel 
nociceptin analogues [Orn9]N/OFQ(1-13)NH2, [Orn9,Orn13]
N/OFQ(1-13)NH2 (all at a dose 10 µg/kg, i.p) on nociception 
measured by HP test in male Wistar rats after CIS. Mean values 
± S.E.M. are presented (*p < 0.05 vs. control; +p < 0.05 vs. CIS).

Figure 9. Effects of Naloxone (Nal, 1 mg/kg, i.p) co-administration 
with N/OFQ(1-13)NH2 and novel analogues [Orn9]N/OFQ(1-13)
NH2, [Orn9,Orn13]N/OFQ(1-13)NH2 (all at a dose 10 µg/kg, i.p) on 
the pain threshold (PP) test in male Wistar rats after CIS. Mean val-
ues ± S.E.M. are presented (*p < 0.05 vs. control; +p < 0.05 vs. CIS).

Figure 10. Effects of Naloxone (Nal, 1 mg/kg, i.p) co-admin-
istration with N/OFQ(1-13)NH2 and novel analogues [Orn9]N/
OFQ(1-13)NH2, [Orn9,Orn13]N/OFQ(1-13)NH2 (all at a dose 10 
µg/kg, i.p) on nociception measured by HP test in male Wistar 
rats after CIS. Mean values ± S.E.M. are presented (*p < 0.05; **p 
< 0.01 vs. control; +p < 0.05; ++p < 0.01 vs. CIS).

Figure 11. Effects of JTC-801 (0.5 mg/kg, i.p) co-administration 
with N/OFQ(1-13)NH2 and novel analogues [Orn9]N/OFQ(1-
13)NH2, [Orn9,Orn13]N/OFQ(1-13)NH2 (all at a dose 10 µg/kg, 
i.p) on the pain threshold (PP) test in male Wistar rats after CIS. 
Mean values ± S.E.M. are presented (*p < 0.05; **p < 0.01 vs. 
control; +p < 0.05; ++p < 0.01 vs. CIS).
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receptors and nociceptin neurotransmission; mechanical 
pain effect is stronger than thermal one.

Our study demonstrated that substitution of Orn at 
position 9 and 13 in molecule of nociceptin decreased 
significantly the pain threshold of newly synthesized ana-
logues after acute and chronic immobilization stress.

The newly synthesized analogues of N/OFQ(1-13)NH2, 
in which the Lys at the 9th and 13th positions substituted 
with L-ornithine suppresses the pain threshold more 
strongly than that of [Orn9]N/OFQ(1-13)NH2 after acute 
and chronic immobilization stress.

Conclusion

For the first time, original results were obtained for the 
relationships between N/OFQ analogues and the opioid - 
and nociceptin neurotransmitter systems after acute and 
chronic immobilization stress. The data suggests that anal-
gesic effects of N/OFQ analogues are influenced by non-se-
lective inhibitor of opioid receptors and inhibitor of NOP 
receptor after acute and chronic immobilization stress.

In conclusion, the effects of the opioid and nociceptin 
systems are more pronounced in acute immobilization 
stress, while the nociceptin mechanisms predominate 
probably after chronic stress.

Acknowledgements

This study was supported by a Grant № 10/2020 from 
the Medical Science Council of Medical University of 
Pleven, Bulgaria.

References
Aloisi AM, Ceccarelli I, Lupo C (1998) Behavioural and hormonal ef-

fects of restraint stress and formalin test in male and female rats. 
Brain Research Bulletin 47(1): 57–62. https://doi.org/10.1016/S0361-
9230(98)00063-X

Amir S, Amit Z (1978) Endogenous opioid ligands may mediate stress-in-
duced changes in the affective properties of pain related behavior in 
rats. Life Sciences 23(11): 1143–1151. https://doi.org/10.1016/0024-
3205(78)90348-X

Appelbaum BD, Holtzman SG (1985) Restraint stress enhances mor-
phine-induced analgesia in the rat without changing apparent af-
finity of receptor. Life Sciences 36(11): 1069–1074. https://doi.
org/10.1016/0024-3205(85)90492-8

Besse D, Lombard MC, Zajac JM, Roques BP, Besson JM (1990) Pre- and 
postsynaptic distribution of mu, delta and kappa opioid receptors 
in the superficial layers of the cervical dorsal horn of the rat spinal 
cord. Brain Research 521(1–2): 15–22. https://doi.org/10.1016/0006-
8993(90)91519-M

Butler RK, Finn DP (2009) Stress-induced analgesia. Progress in 
Neurobiology 88(3): 184–202. https://doi.org/10.1016/j.pneuro-
bio.2009.04.003

Cesselin F (1995) Opioid and anti-opioid peptides. Fundamental 
& Clinical Pharmacology 9(5): 409–433. https://doi.
org/10.1111/j.1472-8206.1995.tb00517.x

Devine DP, Watson SJ, Akil H (2001) Nociceptin/orphanin FQ regulates 
neuroendocrine function of the limbic-hypothalamic-pituitary-
adrenal axis. Neuroscience 102(3): 541–553. https://doi.org/10.1016/
S0306-4522(00)00517-0

Dzambazova E, Nocheva H, Bocheva A (2008) Analgesic efifiects of some 
newly synthesized nociceptin analogues in rats. Pharmacy 55: 30–34.

Finn DP (2010) Endocannabinoid-mediated modulation of stress 
responses: physiological and pathophysiological significance. 
Immunobiology 215(8): 629–646. https://doi.org/10.1016/j.im-
bio.2009.05.011

Gavioli EC, Calo’ G (2013) Nociceptin/orphanin FQ receptor antago-
nists as innovative antidepressant drugs. Pharmacology & Therapeu-
tics 140(1): 10–25. https://doi.org/10.1016/j.pharmthera.2013.05.008

Gavioli EC, Holanda VAD, Ruzza C (2019) NOP Ligands for the Treat-
ment of Anxiety and Mood Disorders. Handbook of Experimental 
Pharmacology 254: 233–257. https://doi.org/10.1007/164_2018_188

Gavioli EC, Holanda VAD, Calo G, Ruzza C (2021) Nociceptin/orphanin 
FQ receptor system blockade as an innovative strategy for increasing 
resilience to stress. Peptides 141: 170548. https://doi.org/10.1016/j.
peptides.2021.170548

Goyal R, Anil K (2007) Protective effect of alprazolam in acute immobili-
zation stress-induced certain behavioral and biochemical alterations 
in mice. Pharmacological Reports 59(3): 284–290.

Jenck F, Moreau JL, Martin JR, Kilpatrick GJ, Reinscheid RK, Monsma 
Jr FJ, Nothacker HP, Civelli O (1997) Orphanin FQ acts as an 
anxiolytic to attenuate behavioral responses to stress. Proceedings of 
the National Academy of Sciences of the United States of America 
94(26): 14854–14858. https://doi.org/10.1073/pnas.94.26.14854

Kastin AJ, Olson RD, Schally AV, Coy DH (1979) CNS effects of periph-
erally administered brain peptides. Life Sciences 25(5): 401–414. 
https://doi.org/10.1016/0024-3205(79)90572-1

Figure 12. Effects of JTC-801 (0.5 mg/kg, i.p) co-administra-
tion with N/OFQ(1-13)NH2 and novel analogues [Orn9]N/
OFQ(1-13)NH2, [Orn9,Orn13]N/OFQ(1-13)NH2 (all at a dose 10 
µg/kg, i.p) on nociception measured by HP test in male Wistar 
rats after CIS. Mean values ± S.E.M. are presented (*p < 0.05; **p 
< 0.01 vs. control; +p < 0.05; ++p < 0.01 vs. CIS).



Himcheva I et al.: Effects of nociceptin analogues after acute and chronic immobilization stress942

Kavaliers M (1990) Responsiveness of deer mice to a predator, the 
short-tailed weasel: population differences and neuromodulato-
ry mechanisms. Physiological Zoology 63(2): 388–407. https://doi.
org/10.1086/physzool.63.2.30158503

Kavaliers M, Colwell DD (1991) Sex differences in opioid and non-opi-
oid mediated predator-induced analgesia in mice. Brain Research 
568(1–2): 173–177. https://doi.org/10.1016/0006-8993(91)91394-G

Kavaliers M, Innes D (1987) Stress-induced opioid analgesia and activity 
in deer mice: sex and population differences. Brain Research 425(1): 
49–56. https://doi.org/10.1016/0006-8993(87)90482-3

Kawabata A, Iwatsubo K, Takaya S, Takagi H (1996) Central antinoci-
ceptive effect of L-ornithine, a metabolite of L-arginine, in rats and 
mice. European Journal of Pharmacology 296(1): 23–31. https://doi.
org/10.1016/0014-2999(95)00683-4

Kieffer BL (1995) Recent advances in molecular recognition and sig-
nal transduction of active peptides: receptors for opioid peptides. 
Cellular and Molecular Neurobiology 15(6): 615–635. https://doi.
org/10.1007/BF02071128

Lester LS, Fanselow MS (1985) Exposure to a cat produces opioid an-
algesia in rats. Behavioral Neuroscience 99(4): 756–759. https://doi.
org/10.1037//0735-7044.99.4.756

Meunier JC, Mollereau C, Toll L, Suaudeau C, Moisand C, Alvinerie 
P, Butour JL, Guillemot JC, Ferrara P, Monsarrat B, Mazarguil H 
(1995) Isolation and structure of the endogenous agonist of opioid 
receptor-like ORL1 receptor. Nature 377(6549): 532–535. https://doi.
org/10.1038/377532a0

Micutkova L, Kiss A, Filipenko M, Rychkova N, Krizanova O, Palkovits M, 
Kvetnansky R (2001) Gene expression of catecholamine synthesizing en-
zymes in A5 cell group and modulation of tyrosine hydroxylase mRNA 
by immobilization stress. Endocrine Regulations 35(4): 195–200.

Miczek KA, Thompson ML, Shuster L (1982) Opioid-like analgesia in de-
feated mice. Science 215(4539): 1520–1522. https://doi.org/10.1126/
science.7199758

Millan MJ, Seguin L, Honoré P, Girardon S, Bervoets K (1996) Pro- and ant-
inociceptive actions of serotonin (5-HT)1A agonists and antagonists in 
rodents: relationship to algesiometric paradigm. Behavioural Brain Re-
search 73(1–2): 69–77. https://doi.org/10.1016/0166-4328(96)00073-3

Mogil JS, Pasternak GW (2001) The molecular and behavioral pharma-
cology of the orphanin FQ/nociceptin peptide and receptor family. 
Pharmacological Reviews 53(3): 381–415.

Mollereau C, Simons MJ, Soularue P, Liners F, Vassart G, Meunier 
JC, Parmentier M (1996) Structure, tissue distribution, and 

chromosomal localization of the prepronociceptin gene. Proceedings 
of the National Academy of Sciences of the United States of America 
93(16): 8666–8670. https://doi.org/10.1073/pnas.93.16.8666

Pacák K, Palkovits M (2001) Stressor specificity of central neuroendo-
crine responses: implications for stress-related disorders. Endocrine 
Reviews 22(4): 502–548. https://doi.org/10.1210/edrv.22.4.0436

Parikh D, Hamid A, Friedman TC, Nguyen K, Tseng A, Marquez P, Lutfy 
K (2011) Stress-induced analgesia and endogenous opioid peptides: 
the importance of stress duration. European Journal of Pharmacol-
ogy 650(2–3): 563–567. https://doi.org/10.1016/j.ejphar.2010.10.050

Pasternak GW, Wood PJ (1986) Multiple mu opiate receptors. Life scienc-
es 38(21):1889–1898. https://doi.org/10.1016/0024-3205(86)90217-1

Randall LO, Selitto JJ (1957) A method for measurement of analgesic 
activity on inflamed tissue. Archives internationales de pharmacody-
namie et de therapie 111(4): 409–419.

Reisine T, Bell GI (1993) Molecular biology of opioid receptors. Trends 
in Neurosciences 16(12): 506–510. https://doi.org/10.1016/0166-
2236(93)90194-Q

Rizzi A, Marzola G, Bigoni R, Guerrini R, Salvadori S, Mogil JS, Regoli 
D, Calò G (2001) Endogenous nociceptin signaling and stress-in-
duced analgesia. Neuroreport 12(14): 3009–3013. https://doi.
org/10.1097/00001756-200110080-00006

Rizzi D, Rizzi A, Bigoni R, Camarda V, Marzola G, Guerrini R, De Risi 
C, Regoli D, Calo’ G (2002) [Arg(14),Lys(15)]nociceptin, a highly po-
tent agonist of the nociceptin/orphanin FQ receptor: in vitro and in 
vivo studies. The Journal of Pharmacology and Experimental Thera-
peutics 300(1): 57–63. https://doi.org/10.1124/jpet.300.1.57

Stevens CW, Sangha S, Ogg BG (1995) Analgesia produced by immobi-
lization stress and an enkephalinase inhibitor in amphibians. Phar-
macology, Biochemistry, and Behavior 51(4): 675–680. https://doi.
org/10.1016/0091-3057(94)00436-M

Teskey GC, Kavaliers M, Hirst M (1984) Social conflict activates opioid 
analgesic and ingestive behaviors in male mice. Life Sciences 35(3): 
303–315. https://doi.org/10.1016/0024-3205(84)90114-0

Toll L, Ozawa A, Cippitelli A (2019) NOP-Related Mechanisms in Pain 
and Analgesia. Handbook of Experimental Pharmacology 254: 165–
186. https://doi.org/10.1007/164_2019_214

Witkin JM, Statnick MA, Rorick-Kehn LM, Pintar JE, Ansonoff M, Chen 
Y, Tucker RC, Ciccocioppo R (2014) The biology of Nociceptin/Or-
phanin FQ (N/OFQ) related to obesity, stress, anxiety, mood, and 
drug dependence. Pharmacology & Therapeutics 141(3): 283–299. 
https://doi.org/10.1016/j.pharmthera.2013.10.011


	Involvement of the opioidergic and nociceptinergic systems in the analgesic effects of novel nociceptin analogues after acute and chronic immobilization stress
	Abstract
	Introduction
	Materials and methods
	Chemisrty
	Animals
	Acute model of immobilization stress
	Chronic model of immobilization stress
	Nociceptive tests
	Drugs and treatment
	Data analysis

	Results and discussion
	Effects of novel nociceptin analogues after acute immobilization stress
	Effects of novel nociceptin analogues after chronic immobilization stress

	Conclusion
	Acknowledgements
	References

