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INTRODUCTION 

 

Nociceptin, which is a polypeptide, containing 17 amino acids, is closely-related to the 

endogenous opioid peptides, most of all to dynorphin A. The main feature of nociceptin 

receptor (NOP) that it is unable to antagonize with naloxon and that the classical agonists of 

μ-, κ- and δ-opioid receptor cannot bind to the NOP receptor. The NOP receptor, which is 

recently known as a non-opioid member of the opioid receptor family, is a G protein-coupled 

receptor (Gi/G0). 

Nociceptin is synthesized as a precursor, prepronociceptin and then it undergoes an 

enzymatic cleavage both in the central nervous system and periphery. Beyond nociceptin, 

many other, biologically active peptides derive from prepronociceptin (a 176 amino acid 

polypeptide), such as nociceptin II, nociceptin III and nocistatin. Nocistatin acts like a 

functional antagonist of nociceptin, however its physiologic/pathophysiologic role is unclear 

due to the lack of its receptor.  

According to the distribution of nociceptin in the body, it is presumable that partly 

with neuromodulation and partly with direct act it can modify the physiological procedures. 

Nociceptin takes part in the regulation of the vegetative function (adrenergic system), the 

attention, the memory (cholinergic system), motor control and motivation (dopaminergic 

system). Its role in many physiologic processes is proved. Nociceptin inhibits the aminergic 

transmitter release from the presinaptic nerve endings: it inhibits the transmitter release of 

cholinergic, noradrenergic and serotonergic neurons generated by depolarization. The effect 

of nociceptin on the histaminergic neuron is contradictionary.  

Our conclusions to the physiologic/pathophysiologic roles of nociceptin were based 

mainly to analysis of the results of the animal studies and the effects of the exogenous 

nociceptin. In our study besides the investigation of the effect of the exogenous nociceptin, 

we used different animal models and human ischemic conditions to observe the possible 

changes in the concentration of nociceptin, nocistatin and biogenic amines in different brain 

parts, plasma and liquor.  
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AIMS 

 

The aim of the presence study is to answer the questions below: 

1. Whether and how does the exogenous nociceptin (i.c.v. administration) influence the 

level of histamine and serotonin in the CNS (central nervous system) and in the 

periphery? 

2. Does the level of nociceptin and nocistatin change in the case of neuropathic pain? 

3. Is there any effect of stress on the level of endogenous nocistatin in liquor, plasma, 

and can this possible change influence to the serotonergic neurotransmission? 

4. What kind of effect can be developed by the sort-term, increased amount and the long-

term, decreased amount of alcohol exposure to the nocistatin turnover in CNS and 

periphery?  

5. Is there any influence of the neonatal treatment of nociceptin and nocistatin and the 

perinatal treatment of β-endorphin to the turnover of dopamine and serotonin in the 

CNS? 

6. Investigation of the penetration of a recently developed cholinesterase reactivator (K-

27; (1-(4-hydroxyimino-methyl-pyridinium)-3-(4-carbamoylpyridinium)-propane-

dibromide) substance into the CNS. 

7. Is there any difference between the levels of nociceptin of patients with acute ischemic 

stroke compared to the control group? Is nociceptin able to influence the release of the 

serotonin human in the same way as it was observed in animal experiments? 
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METHODS 

 
Our experiments were prepared either on human samples or different animal (rat) models. 

 

• ANIMAL MODELLS 
 

In our experiments we used Wistar rats (Charles River, Budapest). Animal were kept in an 

animal house regulated for temperature, humidity and 12-h light:12-h dark cycle. Standard 

laboratory food and tap water were available ad libitum. Animals under ether anesthesia (all 

experimental procedures conformed to 86/509/EEC – permission No.: 1806/007/2004 

ANTSZ, Budapest, Hungary) were exsanguinated through the inner canthus, than 

cerebrospinal fluid (CSF) was drawn through the foramen occipital magnum. To the blood 

samples, in which the hemostasis was inhibited by K-EDTA (4-8 ml), we added immediately 

aprotinin (0,6 TIU/ml, Calbiochem, Darmstadt, Germany) to inhibit protease and after 

centrifugation (1600g, 15 min, 4°C) we collected the samples into experimental vials. The 

cerebrospinal fluid samples were used directly in the experiments (90-170 µl). The brain was 

dissected immediately on an ice-cold aluminum surface and removed the different brain 

samples (frontal cortex, hypothalamus, hippocampus, striatum, brain stem). The samples were 

kept on -80°C until further analysis. 

 

Determination the effect of exogenous nociceptin 

Our experiments were carried out on Wistar rats at the age of 8 weeks. Animal were 

treated i.c.v. with nociceptin (5.5 nmol/rat), Substance P (SP) (50 nmol/rat, SP; Bachem, 

Switzerland), compound 48/80 (100 μg/kg, Sigma, USA) and cromolyn (1 mg/kg, Orion, 

Finland), respectively. The substances were solved in physiological saline and the treating 

volume was 20 μl. Controls got only vehicle. Blood and cerebrospinal fluid (CSF) sample 

was collected 1 hour after the treatment with Compound 48/80, and after 2 hours after the 

treatment with nociceptin and SP. At combined treatment there was 30 minutes between the 

cromolyn and compound 48/80 administration. 
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Neuropathic pain model (chronic diabetes mellitus) 

Type I. diabetes mellitus (DM) was induced by an i.v. administration of streptozotocin 

(60mg/kg, freshly dissolved) under sodium-pentobarbital anesthesia (50mg/kg). Controls got 

only vehicle. After development of DM, the weight and FPG (fasting plasma glucose) were 

checked once a week. For the determination of FPG, we used GOD-POD Reanal diagnostic 

method (Hitachi U-200 Spektrophotometer, Tokio, Japan). Those animals were accepted 

having diabetes mellitus, to whom the FPG level were 3 times higher than the normal level 

(＞18 mmol/l). After development of DM, on the 2nd, 4th, 8th, 12th and 16th weeks from one 

of the animal groups (n=7) CSF and blood sample was collected. 

 

Stress model 

In our experiments we imitated a very strong acute stress effect: female rats were deprived 

food and water for two day period right after the weaning of infantiles (at the age of 21 days) 

and 4 mounts later (at the age of 120 days) we collected blood, CSF and different brain 

regions (number of group=12).  

 

Alcohol model 

In these experiments we used only female rats. With this animal model we tried to 

demonstrate the breastfeeding mothers’ alcohol consumption habits. The breastfeeding rats 

were separated three different groups: Group 1) Water containing 3% alcohol was given to rat 

dams ad libitum from the 1st to the 21st day after delivery (continuous treatment during 

lactation). Group 2): Water containing 15% alcohol was given to rat dams ad libitum for 24 

hours at the 4th day of lactation. Group 3): The dams consumed pure tap water (control 

group). The animals were weaned at the 21st day and were used for measurements when they 

were 3 months old. Ten animals were studied in each group. 
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Nociceptin and nocistatin treatment of newborn rats (imprinting) 

Wistar rats were housed at room temperature under normal light cycle. Standard laboratory 

food and water were available ad libitum. Newborn (within 24 h after birth) male and female 

rats were treated subcutaneously with a single dose of 10 µg nociceptin or 10 µg nocistatin 

dissolved in normal saline. Controls got only the vehicle. Five animals were studied in each 

group. 

 

β-endorphin treatment 

Female rats (n=3) were treated with a single dose of 10 µg of β-endorphin (dissolved in 

normal saline) on the 19th day of pregnancy. Controls got only the vehicle. The male 

infancies were weaned on the 21st day and than they were kept at standard laboratory 

conditions. Offspring were studied when they reach the age of 5th months (12 control and 12 

β-endorphin treated). 

 

Determination of bispyridinium-aldoxim with validated HPLC/EC method 

Male Wistar rats were treated intramuscularly (i.m.) with 49.5 μmol (22.12 mg) of K-27 

(Department of Toxicology, Faculty of Military Health Sciences, Defence University, Hradec 

Kralove, Czech Republic) freshly dissolved in distillated water. Control rats were treated with 

vehicle only. Five rats were used for determinations at each point in time. After treatment rats 

were sacrificed 60 min later. The brain was dissected immediately after the removal of CSF. 

Urine was collected separately. 

 

• ISCHEMIC PATIENT GROUPS 

The human blood sample collection and the performed examinations were made with 

the permission of Ethical Committee of Saint John's Hospital (Permission No.: 188/2004). 

Subjects, participated in this study signed the informed consent form. Part of the participants 

was treated on the Department of Neurology with acute stroke. The other part of the 

participants was divided into two parts: one of them has history of stroke at least once in the 



 7

lifetime, however at the time of taking of blood was not any acute event (K1); the other of 

them has not had any cerebrovascular history (K0). This study was a double-blind study; for 

the investigators, who carried out the lab work, the group status of the participants was 

unknown till the end of the study. The presence of stroke was proved with medical imaging 

technique. 

 

Instrumental methods 

The histamine content of plasma, CSF and brain regions was measured with 

radioenzymatic micro method. 

The level of biogen amines (dopamine, serotonin) and their metabolites (5-hydroxy-

indolacetic acid, homovanillinic acid) were detected with validated HPLC/EC method from 

plasma, CSF and different brain tissue. 

The level of nociceptin and nocistatin was detected with 125I-radioimmunoassay 

method from human and rat plasma. 

 

Statistical analysis 

To keep experiment wise error at constant level data were analyzed by Student’s t- test. The 

conventional level of p < 0.05 was used as the criterion of significance. 

 

RESULTS 

 

1. The study, analyze the connection between the nociceptinergic and histaminergic 

systems, indicated that nociceptin increases the release of histamine from mast cells as 

well as neurons in the CNS, while significantly decrease the level of serotonin. Both 

substances, compound 48/80 and SP – likewise nociceptin – increases the release of 

histamine, however their effect in regard to the content of histamine in neurons and 

mast cells are different. Compound 48/80 can act either on the periphery or in the 

CNS, while nociceptin and SP has effect only in the CNS. 
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2. According to the results of the neuropathic pain study (with chronic diabetes mellitus) 

the chronic (16 weeks long) diabetes mellitus has no influence to the level of 

nociceptin neither in plasma nor in CSF; however it increases the level of nocistatin 

significantly both in plasma and CSF. 

3. In female rats which were exposed to acute stress at weaning and they were examined 

3.5 months later, the stress did not induce any change in the level of serotonin in the 

examined brain regions (frontal cortex, striatum, hypothalamus, hippocampus and 

brainstem), but significantly increased the level of 5-HIAA in striatum and decreased 

it in hypothalamus and brain stem. In the frontal cortex was not any significant 

change. The level of nocistatin increased significantly in plasma and there was not any 

significant change its level in CSF.  

4. In our alcohol consumption study it was found that both alcohol imprinting schedules 

used for dams, namely a single-day treatment with 15% alcohol (S-D) and long-term 

administration with 3% alcohol for 21 days (L-T), resulted in a significant elevation of 

nocistatin levels measured in 3-month-old offspring. 

5. It was found that neonatal nociceptin imprinting resulted in significant changes 

particularly in the serotonergic system in rats examined in adulthood. The level of 5-

HIAA was increased in hypothalamus, hippocampus and striatum, while it decreased 

in frontal cortex. The level of serotonin was different in the different parts of the brain, 

in this way in hypothalamus it was significantly higher than in the control group, in 

hippocampus we observed a decrease of it, the same as in the frontal cortex with all 

but one, that the decrease only in male rats was observable. The effect of nociceptin 

treatment did not influence significantly the dopaminergic system, we could detect 

only in the brain stem significantly increased HVA level. Contrary to nociceptin, 

nocistatin has remarkable effect both on dopaminergic and serotonergic system. The 

level of 5-HIAA was increased in hypothalamus, hippocampus and striatum, while it 

decreased in frontal cortex. It increased the level of serotonin in hypothalamus and 

brain stem, while it decreased that in frontal cortex. In contrast to nociceptin, 

nocistatin imprinting significantly elevated the dopamine level in hypothalamus, brain 

stem, hippocampus and striatum, while in frontal cortex only in female rats was 

measurable significant increase. HVA level increased significantly in brain stem in 
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both sex, while in striatum only in females was the same change detectable. Five 

months old offspring of female Wistar rats were treated with a single dose of 10 µg of 

β-endorphin on the 19th day of pregnancy. The serotonin (5-HT) and 5-

hydroxyindoleacetic acid (5-HIAA) content in four brain regions were determined and 

the 5-HT levels were highly significantly reduced in each examined brain region 

(frontal cortex, hippocampus, hypothalamus, brain stem). The 5-HIAA level (a 

metabolite of serotonin) in three brain regions was increased significantly with the 

exception of hippocampus. The β-endorphin treatment increased nocistatin level of 

plasma significantly in offspring. 

6. We developed a validated HPLC/EC method with high accuracy and sensitivity for the 

analysis of a novel cholinesterase reactivator, bispyridinium-aldoxim (K-27) in 

different biological samples. We determined that K-27 can penetrate the blood-brain 

barrier despite of its highly hydrophilic character, however it does not influence the 

dopaminergic and serotonergic turnover even 60 minutes after its i.m. administration.  

7. In our human studies significantly elevated plasma nocistatin level was detected in 

participants with acute ischemic disease. The serotonin level of plasma in participants 

did not alter significantly, compared to the control group or the different groups of 

participants (ischemic attack in the area of carotis, lacunar and transient). There was 

not any significant alteration in plasma 5-HIAA level compared to the control group 

(K1), however in patient with ischemic attack in the area of carotis and lacunar the 5-

HIAA level significantly elevated compared to the K0 group. 

 

CONCLUSIONS 

 

1. We determined that nociceptin increases the histamine release from mass cells and 

nerve endings in CNS. It is known, that histamine plays important role in the 

development of pain mechanism, and there is connection between nociceptin and 

histamine level (according to our results), it may be hypothesized that nociceptin may 

support or increase the analgesic effect of histamine. 
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2. In experimental model of chronic diabetic neuropathic pain the increased nocistatin 

content both in CNS and periphery support the hypothesis that nocistatinergic system 

is closely related to the neuropathic pain.  

3. The acute stress in weaning period can cause change the turnover in serotonerg system 

in adulthood in examined rats and increase twice as high the nocistatin level in 

plasma. We could determine the effects of stress in adulthood, so we may declare, that 

acute stress in the weaning period, which is a very sensitive period of lifetime, can 

induce long-lasting alterations appearing in adulthood.  

4. From the results of our alcohol consumption study we can conclude that both the acute 

and the long lasting alcohol intake of dam during lactation significantly influence the 

nocistatin levels of the progenies, in this way their threshold of pain may change. 

5. We demonstrated foremost that nociceptin and nocistatin imprinting produce 

alteration in the dopamine and serotonin turnover in CNS in adult animals. Nociceptin 

imprinting influences mainly in serotonergic system, however the different brain 

regions sensitivity is various, while the nocistatin imprinting influences both the 

dopaminergic and serotonergic systems. From the results of our experiments we can 

conclude that both the serotonergic and dopaminergic system is particularly sensitive 

to the effect of nocistatin in early childhood. The β-endorphin treatment in perinatal 

period, which is highly sensitive to hormonal imprinting, induced significantly 

elevated nociceptin level in plasma and altered serotonin turnover on the different 

brain regions.  

6. We developed a novel HPLC/EC method to determine the extremely efficient 

cholinesterase reactivator, bispyridinium-aldoxim (K-27) from serum, brain tissue, 

CSF and urine. This new method is presumably appropriate to detect and measure 

quickly and efficiently the concentration of other cholinesterase reactivator – oxims 

from different biological samples. 

7. According to the results of ischemic pain study we can conclude that the nociceptin 

level of patients is higher compare to the control group and this increase is 

independent from the localizations of circulatory disorders. Nociceptin level of 

patients with history of stroke is similar to the control group’s nociceptin level, which 

may suggest that the elevated nociceptin level is the consequence of acute stroke or 
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transient ischemic attack (TIA). Our results furthermore support the previously 

published results, namely in the case of stroke the serotonergic system is disregulated. 
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