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Abstract
This paper consist the information about influence of the RU-1205 compound, selective kappa-opioid agonist with analgesic action, on the effects neuromediation 
influenced drugs. We demonstrated that high doses (10 and 100 mg/kg) of RU-1205 can prevent amphetamine induced effects such as hyperlocomotion, can oppress 
L-DOPA- and 5-OTP-induced stereotypy, can oppress the picrotoxin induced seizures and can prolong the haloperidol-induced catalepsy in mice. Herewith there 
were no changes in the effects of arecoline and nicotine when mice pretreated with RU-1205 compound in comparison with non pretreated mice. Additionally, 
there were no prevention of hypolocomotion and vegeta depressive effects of reserpine. Previously we demonstrated that RU-1205 in 1 mg/kg can oppress the 
amphetamine-induced hyperlocomotion and picrotoxin- and bicuculline-induced seizures, but there were no changes when RU-1205 was combined with other 
drugs, listed above. Taken together these dada suggests that kappa-opioid activation under the RU-1205 has a functional interaction with effects of amphetamine, 
L-DOPA, picrotoxin, reserpine and 5-OTP in the dose depended manner. Hypothetically, all these can be a result of kappa-opioid neuromodulation. The next stage 
in the mechanism of action determination, will be electrophysiological testing using patch-clamp techniques. But completely, this data suggests that RU-1205 cannot 
strongly modify the effects of basic non pain-sense neurotransmission analysers at the optimal analgesic doses.
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Introduction
Well known fact that opioid neuromodulation system has a 

considerable role in the regulation of CNS functions, includes high 
integrative functions regulation, such as memory and learning, 
regulation of emotions and mood control, regulation of motivation, 
addiction and aversion, pain and sensitivity signaling pathways, control 
of hyperextetability of neurons and prevention of seizures [1]. So, 
taking together, KOR-mimetics and blockers has great therapeutical 
potential. The new analgesic compound creation is a one variant of 
pharmacological usage of the KOR activation effects. More less abuse 
potential and less analgesic tolerance in comparison with classical 
opioid analgesics, such as fentanyl or trimeperidine (promedol), is an 
advantage for KOR agonists [1,2]. One step in the way of designing 
the medical standards-compliant KOR analgesic is investigation 
the interaction of new compound with different drugs (drug-drug 
interaction preclinical study, the General Russian manuscript for 
the preclinical investigation of the new medical products under 
the redaction of AN Mironov, 2012). The fundamental aim of these 
actions is to answer the question “How does kappa-opioid activation 
can modify different neuromediatory system?”. Another applies of the 
drug-drug interaction tests is to investigate the peculiar properties of 
the clinical management of potential analgesic because the problem of 
drug-drug interaction is serious especially for the central active drugs.

This paper describes the influence of a new potent analgesic and 
KOR-agonistic compound RU-1205 (1, 10 and 100 mg/kg) on the 

behavioral effects of the following drugs: amphetamine, L-DOPA, 
5-OTP, picrotoxin, haloperidol, arecoline and nicotine. There is a 
continuation of our previous results that RU-1205 in 1 mg/kg can 
oppress the effects of amphetamine and reduce the seizurogenic 
potential of GABA blockers such as picrotoxin and bicuculline [3].

There are different types of neuromediation  that included in the 
transition and processing of afferent signals and associated behavior, 
psychic activity, locomotion and other behaviors. Neuromediators 
such as 5-HT, dopamine, histamine, glutamate, GABA etc. are 
involved and modulated by KOR. Interesting field of potential clinical 
management of KOR agonists usage, except opioid analgesia, is a 
treatment of addiction and abstinention. KOR activation oppresses 
the abstinentional NMDA hyperactivation (locus coeruleus) and 
dopamine release in ventral tegmental area when psychotropic drugs 
are used [1,4,5]. Furthermore, there is interesting potential usage 
of KOR activation for treating neurodegenerative diseases, such as 
Parkinson’s disease or motoneuron disease (MND). KOR activation 
can prevent the NMDA-mediated depolarization in motoneurons, 
oppress L-DOPA-induced dyskinezia, stimulates the locomotion when 
monoamine depletion induced parkinsonism (reserpine-indused) 
[6,7]. In case of surgical premedication there is a combination of 
narcotic and antipsychotic drugs (haloperidol) can be used. Many of 
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these conditions require the usage of different medicinal products with 
neuromodulation or neuromediation activities. So, KOR activation in 
any respective brain regions can discharge or potentiate the effects of 
products specific neuromediation modify.

RU-1205 compound has an analgesic activity in wide spread 
of doses (0.001-100 mg/kg, ED50 0.02 mg/kg, hot-plate, mice) and 
in the different types of nociception models (CNS nociception 
models, such as hot plate and tail flick, and models of neuropathic, 
inflammatory and visceral pain conditions), that was shown previously 
[8]. Analgesic activity of the compound is mediated by the KOR 
activation. Additionally, RU-1205 compound doesn’t activate mu- and 
delta-opioid receptors when in vitro (isolated tissue electroinduced 
contractions model) and doesn’t have the typical specific adverse 
effects of MOR and DOR activation, such as respiratory depression, gut 
motility impairment, sedation or euphoric behaviors in vivo. Finally, RU-
1205 has a non-typical profile of KOR-associated adverse effects [8-10].

Experimental procedures
The object of study: RU-1205 compound (like a bulk, from South 

Federal University of Physic and Organic Chemistry, Rostovon-Don, 
Russia); Laboratory animals: outbreed mature white mice 20-25 g with 
inverted circadian rhythm. Experimental procedures were carried out 
from 11.00 a.m. to 16.00 p.m. Animals were handled before the testing 
for 3 weeks. All experiments were implemented in accordance with 
the requirements of Directive 2010/63/EU of the European Parliament 
and the Council of the European Union for the protection of animals 
used in Scientific purposes (22.09.2010). All experiments with narcotic 
substances were carried out under the license LO-34-04-000022 
(12.10.2012) for working and control of spreading of narcotic drugs, 
psychotropic substances and precursors.

All solutions were prepared on distilled water and injected 
intraperitoneally. RU-1205 compound was injected in 60 minutes prior 
the combined drug. Time was chosen based on the pharmacokinetic 
properties of the compound. All data presented the effects of RU-
1205 in 1 mg/kg dose were recollected and compared with data from 
previous publication [3]. We presented the earlier results because it was 
needed for more complete data presentation. The number of animals in 
each group was 8 (n=8).

Modulation effects of neuromediator analyzers

We studied the interactions of tested compound with the 
typical effects of the neurotransmitter analyzers on dopaminergic, 
noradrenergic, cholinergic and GABA-ergic systems. There are 
behavioral tests, were described in the General Manuscript of 
Preclinical Studying of New Drugs under the redaction of Dr. Mironov 
(manuscript on rus). Influence on the effects of amphetamine and 
reserpine were assessed by the change in locomotion (actometer Ugo 
Basile); influence on the effects of haloperidol – by the change in 
the duration of catalepsy (duration of the forced «lecturer’s» pose); 
influence on the effects of L-DOPA –- by the hyperkinesis severity; 
the effects of arecoline and nicotine – by the latent time of seizures 
beginning; the effects of 5-OTP – by the changes in stereotypy duration.

Amphetamine-indiced hyperlocomotion

Animals were separated at the 5 groups. The treatment protocol for 
groups is in Table 1.

There were positive and negative control group used in this test. 
Positive control animals were treated with 6 mg/kg amphetamine i.p. 
Negative ones were injected vehicle. Ugo Basile actometer was used 

when quantification of locomotor activity was measured. Each animal 
was placed in the lactometer’s box individually to indicate the full 
locomotion. The measurement time was 5 minutes. 

L-DOPA-induced stereotypy
Animals were separated into 8 groups. The treatment protocol for 

groups is in Table 2.

There were two control groups in this test. Positive control treated 
with 500 mg/kg of L-DOPA. This dose can provide the dyskinesia 
and stereotypic reactions (rering, verticalization). Negative control 
group treated with 200 mg/kg of L-DOPA. There is too little dose 
for any specific visualized reactions. Experimental groups, RU-1205 
injected previously, treated with low or high doses of L-DOPA. If 
the compound has dopaminelythic activity, there will be a loss in  
L-DOPA-induced behavior or motor patterns, and vice versa for the 
low dose of L-DOPA and dopaminemimetic activity (including CNS 
monoamine reuptake inhibition or suppression of MAO or KOMT 
activities). Semi-quantitative scale for interpretation the results: 1 score 
- rare abnormal movements less than 50% of observation time; 2 scores 
- frequent abnormal movements 50% of the observation time; 3 scores 
- continuous abnormal motor acts and normal reaction to the auditory 
stimulus; 4 scores - continuous abnormal motor acts without reaction 
to the auditory stimulus.

Cataleptic effect of haloperidol

The forced “lecturer’s” pose is the uncomfortable pose for mice. 
Healthy non cataleptic animals try to leave this pose. The control 
group treated with haloperidol 1 mg/kg i.p. 20 minutes before the 
testing. Tested groups treated with RU-1205 1, 10 or 100 mg/kg 
60 minutes prior the haloperidol injection. Mice placed with front 
legs to the elevated platform and staying here without movements if 
catalepsy is developed. Cut off time was 3 minutes. There is a failure of 
dopamine signaling in the striatum and misbalance of dopamine/5-HT 
interactions when catalepsy developed [11].

5-OTP-induced stereotypy

The control and tested groups were treated with 300 mg/kg 5-OTP 
i.p. and registration started 10 minutes after that. Non-control animals 

No. of Group
RU-1205/dose
(60 min prior 
amphetamine)

Amphetamine
(30 min prior testing)

1 (negative control) — (vehicle) — (vehicle)
2 (positive control) — (vehicle) +

3 (optimal dose group) +/1 mg/kg +
4 (medium-high dose group) +/10 mg/kg +

5 (high dose group) +/100 mg/kg +

Table 1. Amphetamine-induced hyperlocomotion protocol.

No. of group
RU-1205/dose
(60 min prior 

L-DOPA)

L-DOPA 200 
mg/kg

(30 min prior 
testing)

L-DOPA 500 
mg/kg

(30 min prior 
testing)

1 (low dose control) — (vehicle) + —
2 (high dose control) — (vehicle) — +

3 (optimal dose group) +/1 mg/kg + —
4 (medium-high dose group) +/10 mg/kg + —

5 (high dose group) +/100 mg/kg + —
6 (optimal dose group) +/1 mg/kg — +

7 (medium-high dose group) +/10 mg/kg — +
8 (high dose group) +/100 mg/kg — +

Table 2. L-DOPA-induced stereotypy protocol.
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were treated with 3 different doses of RU-1205 (1, 10 or 100 mg/
kg) 60 minutes before the 5-OTP injection, as described above. The 
number of head-twitches during 1 minute was calculated at the time-
points 10, 20 and 30 minutes after 5-OTP injection. The head-twitch 
response is a rapid side-to-side rotational head movement. The 5-OTP 
induces 5-HT spike and activation of 5-HT2A receptors in front lobe 
(prefrontal cortex) is causative for the metabolic glutamate receptors 
activation and head movements formation [12].

Neurodepressive effects of resrpine
Reserpine is the most nonselective monoaminergic pharmaceutical 

substance that was used in this investigation. This drug causes non-
selective depletion of monoamines in the brain (noradrenergic, 
5-HTP-ergic, dopaminergic). But well known fact that KOR activation 
has a potency to reduce the reserpine induced hypolocomotion [13]. 
We investigated influence of RU-1205 on the reserpine-induced 
hypolocomotion, ptosis and hypothermia. The dose of reserpine 2.5 
mg/kg was used. The protocol of testing we used is in the Table 3.

Arecoline-induced tremoris and dyskinesia
CNS m-cholinoactivation under the arecoline can produce 

stereotypic behavior and dyskinetic reactions such as tremors if 
targeted in the dorsal striatum region (nucleus caudatus). Control and 
tested groups were treated with 25 mg/kg arecoline i.p. Tested animals 
were treated with 3 different doses of RU-1205 (1, 10 or 100 mg/kg) 60 
minutes before the arecoline injection.

Seizurogenic reaction to nicotine
Nicotine receptors are involved in the psychic and motor 

regulation. The latency of nicotine-induced motor dyscoordination, 
tremors and seizures is longer or shorter when receptors are blocked 
or activated respectively. The dose 6 mg/kg, s.c. of nicotine was used. 
Animals were separated into 3 tested and 1 control groups. All groups 
were injected with nicotine after treating with different doses of RU-
1205 treating (1, 10 or 100 mg/kg) or vehicle in control 60 minutes 
prior the nicotine, and registration of the tremors and seizures latency 
was started immediately. The development of tremors and seizures is 
a quick process.

Seizurogenic effect of picrotoxin

Picrotoxin is an allosteric GABAA-blocker that induces 
epileptiform activity and seizures provoker. The dose 10 mg/kg s.c. of 
picrotoxin was used. The latency of tremor, seizures and time of the 
death  were determined.

Statistics
Statistical analysis was completed using the Kruscal-Walles test 

(Dunns post-test, <0.05), ANOVA (Tukey post-test, p<0.05). When 
choosing a statistical criterion, we estimate the normality using 
Kolmogorov-Smirnov test and if it is normal we used ANOVA, if not 
we used KruscalWalles test. The spread of mean values submitted as the 
standard error of mean (SEM) in all cases.

Results
Early we presented the influence of RU-1205 at 1 mg/kg on the 

effects of amphetamine, haloperidol, L-DOPA, arecoline, nicotine, 
5-OTP, reserpine and picrotoxin [3]. 1 mg/kg is the mean maximal 
effective dose of RU-1205 different nociceptive tests.

Complete information of RU-1205 influence the effects of drugs 
listed above is in the Table 4. The detalisation.

Influence on the hyperlocomotor effect of amphetamine

Mean spontaneous locomotion in positive control group was at 
two fold than in negative control. RU-1205 oppressed hyperlocomotor 
effect of amphetamine in dose-dependent manner (Table 5).

1 mg/kg of RU-1205 induced reduction of hyperlocomotion 
about 40% of amphetamine treated only group. The oppression of 
hyperlocomotion in 10 and 100 mg/kg of RU-1205 pretreated mice was 
65% and 80% respectively less in comparison the positive control group.

Influence on the L-DOPA stereotypy

The low dose control group didn’t present any symptoms of 
abnormal behaviors. In comparison the high dose of L-DOPA caused 
a severe dyskinesia and high-dopamine-assoxiated behavior (Table 6).

Dose of RU-1205, mg/kg
The effect 1 10 100

Cholinergic system
Arecoline-induced tremor, intensity, duration No changes No changes No changes
Nicotine-induced tremor, seizures No changes No changes No changes
GABA-ergic system

Picrotoxin-induced tremot, seizures Supress Supress Strong 
Supress

5-HT-ergic system

5-OTP-induced hyperkinesia No changes Supress Strong 
Supress

Monoaminergic system (predominant neurotransmitter)
Amphetamine-induced hyperlocomotion 
(dopamine) Supress Supress Strong 

Supress

Haloperidol-indyced cataleption (dopamine) No changes No changes Strong 
Supress

L-DOPA-induced hyperkinesia (dopamine) No changes Supress Strong 
Supress

Reserpine-induced hypolocomotion 
(dopamine)

Not 
eliminate

Not 
eliminate

Not 
eliminate

Reserpine-induced hypothermia, ptosis 
(mixed) No changes No changes Strong 

Supress

Table 3. Reserpine treatment and time-point protocol.

Dose of RU-1205, mg/kg
The effect 1 10 100

Cholinergic system
Arecoline-induced tremor, intensity, duration No changes No changes No changes
Nicotine-induced tremor, seizures No changes No changes No changes
GABA-ergic system

Picrotoxin-induced tremot, seizures Supress Supress Strong 
Supress

5-HT-ergic system

5-OTP-induced hyperkinesia No changes Supress Strong 
Supress

Monoaminergic system (predominant neurotransmitter)
Amphetamine-induced hyperlocomotion 
(dopamine) Supress Supress Strong 

Supress

Haloperidol-indyced cataleption (dopamine) No changes No changes Strong 
Supress

L-DOPA-induced hyperkinesia (dopamine) No changes Supress Strong 
Supress

Reserpine-induced hypolocomotion 
(dopamine)

Not 
eliminate

Not 
eliminate

Not 
eliminate

Reserpine-induced hypothermia, ptosis 
(mixed) No changes No changes Strong 

Supress

Table 4. Influence of RU-1205 compound on the effects of neuromediator analyzers in 
vivo.
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So, there was strong depression of L-DOPA dyskinetic effect by 
RU-1205 and no potentiating.

Influence on the cataleptic effect of haloperidol

The mean latency of leave the forced pose was 93.7 ± 15.7 seconds 
in the control haloperidol treated animals. Early we determined that 
RU-1205 1 mg/kg cannot modify the haloperidol-induced catalepsy. 
The dose 10 mg/kg had no significant effect too but tendented to 
grownment without significance. The maximal dose of RU-1205 (100 
mg/kg) caused strong prolongation of catalepsy (Table 7).

Influence on the effects of 5-OTP

Head twitches were observed in control animals treated with 
300 mg/kg 5-OTP. RU-1205 1 mg/kg didn’t discharge the number 
of twitches in the group in comparison with control. The reduction 
of twitches at 10 mg/kg and 100 mg/kg of RU-1205 was too much 
(Figure 1).

Influence on the neurodepressive effects of reserpine

In the control group of animals (reserpine treated only) there were 
hypolocomotion (96.2% oppression of locomotion in comparison 
with the nontreated animals,), rectal hypothermia (mean temperature 
loss around 2.2°С), and ptosis (mean eye gap around 1.4 ± 0.6 mm). 
Detalisation is in the Table 8 and 9.

There were no significant differences in the locomotion between 
the groups, treated with combination of 1, 10 or 100 mg/kg of RU-
1205 and 2.5 mg/kg of reserpine and 2.5 mg/kg of reserpine alone. 
There were determined that no significant differences between rectal 
temperature of reserpine only treated group and tested groups RU-
1205 1 and 10 mg/kg treated groups. When 100 mg/kg of RU-1205 
treated group there was deeper opression of the rectal temperature 
(9.1% loss in comparison with reserpine).

Influence on the effects of arecoline

In the arecoline treated only control group it was tremor with 
latency 67.3±9.0 seconds and duration 1107.0±59.6 seconds. RU-1205 
didn’t modify the effects of arecoline (data are not presented, Kruscal-
Wallis test, Dunn’s post-test).

Interaction with the effects of nicotine

In the nicotine only treated animals tremor with mean latency 
61.0 ± 5.1 seconds and seizures with latency 100.5 ± 4.4 seconds were 
investigated. There were no significand differences between the control 
group and RU-1205 pretreated groups (data are not presented, Kruscal-
Wallis test, Dunn’s post-test).

Influence on the effects of picrotoxin

In the control group there were 253.3 ± 41.5 seconds of tremor 
latency and 368.2 ± 56.3 seconds of seizures latency. The mean number 
of seizures was 24.0 ± 4.2. We calculated only tonic-clonic seizures 
with body overturning. The mean time of the dead after injection of 
picrotoxin was 860.0 ± 90.2 seconds. There was no significant effect 
of RU-1205 compound in the dose 1 mg/kg, but there were significant 
(Kruskal-Wallis test, Dunns post-test, p<0.05) in 10 mg/kg (duration 
of the tremor latency was 40% longer) and 100 mg/kg (prolongation of 
adventition time for all marked conditions, at 2.5 times for the tremor 
latency, at 6 times for the seizures latency, at 6.4 for the number of 
seizures, and at 2.4 times for dead time).

No. of Group Locomotor activity (M ± SEM)
1 (negative control) 133,1± 12,3

2 (control) 265,2 ± 13,7*
3 (1 mg/kg dose group) 240,0± 35,3*
4 (10 mg/kg dose group) 120,8 ± 13,1#
5 (100 mg/kg dose group) 53,7 ± 9,0#

Table 5. Influence of RU-1205 on the hyperlocomotor effect of amphetamine. Note * - 
Significant in comparison with the negative control; # - Significant in comparison with the 
positive (amphetamine treated only) control (Kruskal-Wallis one-way analysis of variance, 
Dunn’s post-test, p < 0,05).

No. of group Abnormal movements
when low dose of L-DOPA

Abnormal movements
when high dose of L-DOPA

1 (low dose control) 0.4 ± 0.1 —
2 (high dose control) — 4.0 ± 0.0*
3 (RU-1205 1 mg/kg) 0.3 ± 0.2 3.2 ± 0.1*
4 (RU-1205 10 mgkg) 0.0 ± 0.0 1.1 ± 0.2#

5 (RU-1205 100 mg/kg) 0.0 ± 0.0 0.3 ± 0.2#

Table 6. Influence of RU-1205 on the dyskinetic effect of L-DOPA (scores, M ± SEM). 
Note * - Significant in comparison with the low dose control; # - Significant in comparison 
with the high dose control (ANOVA, Tukey post-test, p < 0,05).

No. of group/ dose of RU-1205 Locomotion
1 (negative control) 133.1 ± 2.3

2 (reserpine treated only control) 5.1 ± 0.7*
3 (RU-1205 1 mg/kg) 3.7 ± 1.2*
4 (RU-1205 10 mg/kg) 30.1 ± 0.5*#
5 (RU-1205 100 mg/kg) 1.2 ± 0.8*

Table 7. Influence of RU-1205 on the cataleptic effect of haloperidol (M ± SEM). Note: * 
- Significant in comparison with the control (Kruskal-Wallis one-way analysis of variance, 
Dunn’s post-test, p < 0,05).

No. of group/ dose of RU-1205 Locomotion
1 (negative control) 133.1 ± 2.3

2 (reserpine treated only control) 5.1 ± 0.7*
3 (RU-1205 1 mg/kg) 3.7 ± 1.2*
4 (RU-1205 10 mg/kg) 30.1 ± 0.5*#
5 (RU-1205 100 mg/kg) 1.2 ± 0.8*

Table 8. Influence RU-1205 compound on the hypolocomotor effects of reserpine (M 
± SEM). Note: *- significant in comparison with the negative control; significant in 
comparison with reserpine treatedonly group (ANOVA, post-test Tukey, p < 0.05).
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Figure 1. The influence of RU-1205 on the 5-OTP-induced head twitching (M ± SEM). 
Note: *-significant in comparison with the control (ANOVA, post-test Tukey, p<0.05). 
Dose 1 mg/kg RU-1205 is not presented on the graph for the better clarity.
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are combined. There was shown the potentiation of catalepsy duration 
as a tendention when 10 mg/kg and strong significant when 100 mg/kg. 
The catalepsy is a result of striatal dopamine loss and 5-HT misbalance. 
There is third typical effect of KOR activation. Interestingly, that 
RU-1205 cannot induce the own cataleptic effect at the doses 0.1-
100 mg/kg.

Based this three tests we can conclude that influence of KOR 
activation under the RU-1205 is much more lower in motor striatum 
(putamen, nucleus caudatus) than in ventral part of the striatum 
(nucleus accumbens) and VTA.

Coadministration of reserpine and RU-1205 gave an expected 
result. There was partially discharge of hypolocomotion. This is 
consistent with the expected profile of a KOR agonist. KOR activation 
can to reduce reserpine-induced hypolocomotion [13]. We determined 
that 1 mg/kg of RU-1205 was ineffective. This is correlates with our 
previous results. Dose 10 mg/kg was effective and reduced the 
hypolocomotor effect of reserpine. But the next, the sedative effect 
at highest dose probably underlies the bell-shaped nature of the dose 
response curve for locomotor stimulation by RU-1205. Previously we 
determined that hypolosomotion is can be an own effect of RU-1205 
but in doses too high than maximal analgesic 1 mg/kg (20 mg/kg and 
more). The locomotor-stimulant effect of RU-1205 in the present study 
may in part be due to effects in the output regions of the basal ganglia. 
However, activation of KOR in the striatum inhibits the release of 
glutamate from striatal nerve terminals. Additionally, the activation of 
locomotion by RU-1205 might also be due to an effect on glutamate 
transmission in the striatum (inputs from the front lobes). Reserpine 
depress basic monoaminergic transmittions (dopamine, 5-HT, 
noradrenalin) and can reduce the body temperature. We determined 
that there were no significant differences between rectal temperature 
of animals, treated with reserpine only and combined with RU-1205 
1 mg/kg or 10 mg/kg. But there was a loss of body temperature 9.1% 
in comparison with reserpine treated only when dose 100 mg/kg was 
used. This was expected [15]. The hypothermic results and assumptions 
about its mechanistic are described in our previous paper [10].

5-OTP is the next monoamine analyzer and an immediate precursor 
of 5-HT. This paper we determined the oppression of 5-OTP-induced 
twitches under the RU-1205 activation. The mechanism of twitches 
is complicated. The main role in this stereotypy formation is gives to 
the 5-HT-glutamate interactions in the front lobes [16,17]. There is 
not only 5-OTP can induce this activity but activation of metabolic 
glutamatergic receptors is needs for this reaction. The concept of 
KOR neuromodulation shows that KOR activation can suppress 
glutamatergic postsynaptic potentiation thru the suppression of 
glutamate release. The KOR mechanism of neuromodulation includes 
the suppression of 5-HT release in many regions, such as raphe nuclei 
and suppression of glutamate in the prefrontal cortex. So, there is 
no possible to summarize the hypothetical mechanism of action of 

Discussion
The effects of KOR activation under the KOR agonist RU-1205 

compound are similar as under the classical KOR agonists, such as 
U-50,488H or U-62,066E (spiradoline). Dopamine levels in dorsal and 
ventral striatal areas and ventral tegmental area (VTA) are loss when 
KOR is activated. The L-DOPA associated behavioral disruptions 
we observed when high dose of L-DOPA given, generally associated 
with dopamine overload caused by L-DOPA, cabergoline etc. [14]. 
Additionally effective medical management of L-DOPA-induced 
dyskinesia remains an unmet need for patients with Parkinson disease 
[4,5]. There are no data that KOR activation and subsequent dopamine 
suppression causatives for iatrogenic parkinsonism in healthy subjects 
(however, KOR activation worsens parkinsonism with dyskinesia 
reduction in experimental model of SN degeneration in primates when 
L-DOPA-induced dyskinesia) [7]. Changes in opioid transmission in the 
basal ganglia suggest a therapeutic opportunity when dopapinemimetic 
dyskinesia. So, we determined that pretreatment with RU-1205 can 
prevent L-DOPA-induced stereotypy and dyskinesia. There is typical 
effect of KOR activation. Moreover, strong enough effect of dyskinesia 
suppression was observed only in 10 mg/kg and more and not detected 
in our previous study with 1 mg/kg. Previously we reported that 10 mg/
kg of RU-1205 is not a dangerous dose for usage (1 mg/kg is maximal 
analgesic dose). Only mild hypothermia and no any other adverse 
reactions are developed when 10 mg/kg i.p. [10]. So, the potential usage 
of the compound in different doses may have different appointments. 
This is an interesting remark.

Dorsal striatal region and substantia nigra are motor coordinators. 
In comparison ventral part of striatum plays a role in the mood 
and motivation regulation. And this area is regulated by KOR 
neuromodulation too. There is a part of reward system. KOR activation 
is produces dopamine loss in VTA and ventral striatum [4,5]. 
Mesolimbic and mesocortical pathways are two main outputs from 
VTA: Both are dopaminergic and KOR-regulated. Both pathways are 
activates by acute treatment with amphetamine. At the 1, 10 and 100 
mg/kg of RU-1205 decrease of amphetamine-induced hyperlocomotion 
was about 40%, 65% and 80% less than in amphetamine treated only 
group. In the case of 10 mg/kg, the absolute level of spontaneous 
locomotion was around negative control values. In the case of 100 
mg/kg RU-1205, the absolute values of mean locomotion were at 2.5 
times less, than in negative control group. In results, we determined 
that kappa-opioid agonist RU-1205 can oppress the locomotor effect 
of amphetamine. This is associated with contraversion of dopamine 
levelup in the mesolymbic pathway when KOR is activated. There is a 
typical effect of KOR activation too.

The next inherent ability of KOR agonists is potentiation of 
haloperidol-induced catalepsy. Basically, opioids and neuroleptic 
drugs potentiate the effects of each other. Prolongation of analgesia and 
risk of haloperidol overload are may be observed when both products 

No. of group

Temperature Ptosis

Before reserpine
4 hours after, 

RU-1205 injection time 
point

30 minutes after RU-
1205 injection Before reserpine

4 hours after,
RU-1205 injection time 

point

30 minutes after RU-
1205 injection

1 (negative control) 37.8 ± 0.3 (vehicle) 37.5 ± 0.5 (vehicle) 37.3 ± 0.3 (vehicle) 3.0 ± 0.0
(vehicle) 3.0 ± 0.0 (vehicle) 3.0 ± 0.0 (vehicle)

2 (reserpine treated only) 38.2 ± 0.4 35.5 ± 0.5* (vehicle) 35.3 ± 0.7 (vehicle) 3.0 ± 0.0 1.2 ± 0.4* (vehicle) 1.4 ± 0.6* (vehicle)
3 (1 mg/kg) 38.4 ± 0.3 35.5 ± 0.5* 35.4 ± 0.9* 3.0 ± 0.0 1.1 ± 0.4* 1.5 ± 0.5*

4 (10 mg/kg) 38.4 ± 0.3 35.5 ± 0.7* 35.0 ± 1.4* 3.0 ± 0.0 0.5 ± 0.1* 0.8 ± 0.2*

5 (100 mg/kg) 38.0 ± 0.5 34.5 ± 0.5* 32.1 ± 0.2*# 3.0 ± 0.0 0.6 ± 0.2* 0.0 ± 0.0*#

Table 9. Influence RU-1205 compound on the reserpine-induced hypothermia and ptosis (M ± SEM).
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RU-1205 (glutamatergic, 5-HT-ergic or both) in this case. But there 
is interesting question: 1) head-twitching is a hallucinogene-specific 
reaction for 5-HT stimulators; 2) KOR activation can produce the 
own psychotic effect in some cases; 3) is KOR activation can prevent 
5-HT-induced psychosis induced by some narcotics such as LSD? This 
assumption of KOR activation usage is in opposition to the main clinical 
observations that KOR activation induces own hallucinogenic reaction. 
So, the suppression of head-twitches formation and hallucinogenic action 
simultaneously – there is a new challenge for KOR investigators [18].

The next analyzers we used were cholinergic substances nicotine 
and arecoline. There are no influence of RU-1205 on the effects of 
this analyzers were observed. Administration of the muscarinic 
cholinoreceptor agonist arecoline to mice induces long-lasting tremor. 
The mechanism of pathogenesis of arecoline tremor predominantly 
involves NMDA-receptors. Moderate blockade of AMPA-type 
receptors could potentiate the preventive effect of mixed-action 
antagonists (anti-NMDA+anti-AMPA), though predominance of 
blocking action against AMPA-type receptors prevented this effect [19]. 
The previous paragraph we discussed about KOR-mediated prevention 
of glutamate neuroexcitability. But this findings suggests that there no 
influence of KOR activation on the effect of arecoline. Why? There is 
assumption that KOR is involved in the glutamate-induced reactions 
regulation independly from m-cholinergic reactions. In the last, it 
was shown that KOR activation can prevent the pilocarpine-induced 
tremoris and seizures, but the same anticholinergic activity was not 
observed for RU-1205 in the current study [18]. The same situation is 
developed around influence of RU-1205 on the acute nicotine-induced 
tremor. The last finding suggests that nicotine-induced tremor’s 
mechanism of development involves 5-HT neuromediation [20]. There 
are 5-HT1A and 5-HT2A receptors can to potentiate and attenuate this 
tremor respectively, if activated by selective agonists. The reduction of 
5-OTP twitches, observed previously, is in opposition with our current 
findings. Current findings suggest that there are different mechanisms 
of regulation of 5-HT release in KOR-associated suppression of head-
twitches and nicotine-induced tremoris. So, KOR regulation is not 
involved or involved otherwise in the nicotine-induced tremor than in 
5-OTP-induced stereotypy despite both reactions are 5-HT-dependent 
ultimately.

And the last analyzer is picrotoxin. There is a typical action of KOR 
activators to reduce the seizures, induced by GABAA blockers when 
both single treatment and kindling model [21]. Electrophysiological, 
biochemical and pharmacological data support the hypothesis that 
dynorphin is implicated in specific types of seizures. There is clear 
evidence that this is true for complex partial (limbic) seizures, i.e. those 
characteristic of temporal lobe epilepsy, because; (1) dynorphin is highly 
expressed in various parts of the limbic system, and particularly in the 
granule cells of the hippocampus; (2) dynorphin appears to be released 
in the hippocampus (and in other brain areas) during complex partial 
seizures; (3) released dynorphin inhibits excitatory neurotransmission 
at multiple synapses in the hippocampus via activation of kappa opioid 
receptors; (4) kappa opioid receptor agonists are highly effective 
against limbic seizures. Data on generalised tonic-clonic seizures are 
less straightforward. Picrotoxin is a seizurogenic compound, realizing 
its effect trough systems, includind limbic system. Additionally, KOR 
system of substantia nigra plays an important role in the activation of the 
antiepileptic system and limitation of picrotoxin-induced seizures [22].

In conclusion, we determined the influence of novel kappa-opioid 
compound on the effects of neuromediator analyzers (activators 
and blockers). We detected that kappa-opioid activation under the 

RU-1205 has a functional interaction with effects of amphetamine, 
L-DOPA, picrotoxin, reserpine and 5-OTP in the dose depended 
manner. Hypothetically, all these can be a result of kappa-opioid 
neuromodulation. The next stage in the mechanism of action 
determination, will be electrophysiological testing using patch-clamp 
techniques. But completely, this data suggests that RU-1205 cannot 
strongly modify the effects of basic non pain-sense neurotransmission 
analysers at the optimal analgesic doses.
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