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Abstract

Introduction: The endogenous dipeptide L-tyrosine-L-arginine (kyotorphin, KTP) is found in brain structures related to the process-
ing of information for nociception, the control of emotions, and memory formation. Besides the antinociceptive effect of KTP, it has a
mild protective activity against the deleterious influence of the brain hypoperfusion and streptozotocin on the behavior and memory.

Aim: We aimed to study the effects of the intracerebroventricular injection of effective antinociceptive doses of KTP on the motivational
behavior, memory, and blood and hippocampal levels of the carbonylated proteins in healthy male adult Wistar rats.

Materials and methods: We used a paw-pressure test for assessment of acute nociception, an open field test for assessment of
exploration and habituation to a new environment, elevated plus maze test for the evaluation of anxiety-like behavior, and novel
object recognition test for working memory. Carbonylated protein assay was used for the assessment of the oxidative impairment of the
proteins. The results were analyzed by ANOVA.

Results: The present data showed that all single doses of KTP exerted an antinociceptive effect, but this effect was not observed after
chronic administration. Only the highest dose of 100 pg was able to induce anxiolytic and motor inhibiting effects. None of the doses
used showed effects on the recognition memory or the level of the carbonylated protein.

Conclusion: Our results showed that KTP exerted its antinociceptive effect without affecting negatively the blood and brain carbonyl-
ated protein or basic behavioral parameters related to the exploration, motivation, and memory formation in healthy rats.
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INTRODUCTION humans.!* KTP is unevenly distributed in the brain as

the dorsal horns of the spinal cord, nuclei in the medulla
The endogenous dipeptide L-tyrosine-L-arginine, whose  oblongata, the pons, and midbrain structures, were found
structure is similar to that of endorphins, was discovered  to be rich in KTP.? Accumulated evidence for the antinoci-
in Kyoto and named kyotorphin (KTP).! It was found in  ceptive effects of KTP underlined its role in the processing
the brain cerebrospinal fluid of several species including  of pain-related information in the above brain structures
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interacting with the endogenous opioids.>®® However,
approximately half of the endogenous KTP is distributed
in the cerebral cortex, suggesting its potential to produce
effects other than analgesia.? Relatively lower levels of KTP
and its synthesizing enzyme were found in structures in-
volved in the formation of different types of memory and
the maintenance of fundamental body functions.>? Exis-
ting data indicated that despite the use of the term “KTP
receptor’, such is not cloned and specifically isolated yet,
which may assume the ability of KTP to bind not to a spe-
cific receptor but an oligomer formed by - and § - opioid
receptors.!® Another suggested mechanism of action of
KTP is its usage as a substrate for the synthesis of nitric
oxide with further activation of the NO/cGMP pathway.®
The imbalanced formation of NO can accelerate its inter-
action with the superoxide radical to form the powerful
oxidant peroxynitrite which may produce post-transla-
tional carbonylation in endogenous proteins commonly
occurred in the oxidative stress.” Additionally to its main
antinociceptive activity, KTP has shown to exert neuro-
leptic, antiepileptic and neuroprotective effects.1213 Some
KTP derivatives have been shown to prevent the cognitive
impairment and neuronal damage in the hippocampus
induced by chronic cerebral hypoperfusion and to suppress
locomotors activity at a moderate rate.!*!> The chronic
intracerebroventricular (ICV) treatment with KTP display-
ed a mild protective effect on the deleterious consequences
from an experimental model of Alzheimer’s disease.!*1

AIM

In the present study, we aim to elucidate the role of ICV
injection of effective antinociceptive doses of KTP on some
basic parameters of the cognitive behavior like exploration,
anxiety-like behavior, and habituation to a new environ-
ment, working recognition memory and on blood and
brain levels of the carbonylated proteins.

MATERIALS AND METHODS

Animals, stereotaxic cannulae implanta-
tion and experimental design

Fifty adult Wistar male rats were implanted stereotaxi-
cally with cannulas under anesthesia (ketalar, 100 mg/kg,
im., xylazine 5 mg/kg, i.p) in both lateral brain ventricles
(AP =-1mm, L=1.6 mm, DV = - 4 mm) using stereotaxic
frame. The cannulas were fixed on the skull through screws
and dental cement and the wound was closed.!” The animals
were kept in groups of 5 rats under standardized conditi-
ons: temperature 21+2°C, artificial light on 08:00-20:00 h,
and fed with a regular rodent diet and tap water ad libitum.
After a 5-day recovery period, the rats were randomly
injected in one of the lateral ventricles (ICV) with kyo-

torphin (Sigma-Aldrich), dissolved in sterile artificial
cerebrospinal fluid (CSF) at single doses of 25, 50, 100
pg/5 pl/rat or CSF (controls). One group was ICV injected
sub-chronically with KTP at a dose of 100 ug/5 ul/rat/day
for 10 days.

All experiments were carried out between 10:00 am and
1:00 pm during the autumn 15 - 20 minutes after the tre-
atment with KTP in order: Open field, Elevated plus maze,
Paw Pressure, Novel object recognition, Carbonylated pro-
tein assay. All experiments were approved by the Bulgari-
an Food Safety Agency (No 176/2019) which is under EC
Directive 2010/63/EU for animal experiments.

Open field test (OFT)

The apparatus consists of an opaque box 100x100x60 cm.
A digital camera was mounted above the test box and con-
nected with the SMART video tracking system (Harvard
Apparatus, US). Each rat was placed in the center and
observed for 5 min. The habituation was estimated as total
ambulation (trajectory length travelled for 1 minute during
5 min of observation).!?

Elevated plus maze (EPM)

EPM comprised of two open arms (50x10 cm), provided
with a small rim (1.5 cm), two enclosed arms (50x10x40
cm), and a central platform (10x10 cm). The apparatus was
elevated 50 cm above the floor level. Each rat was placed
on the central platform facing an open arm, and observed
for 5 min.!® The total trajectory travelled (in centimetres),
and the ratio time spent in open arms/total time were
recorded by SMART video tracking system and calculated
in percentage.

Paw pressure test (PPT)

Accelerating mechanical pressure (in grams) was applied
on the hind paw using an analgesimeter (Ugo Basile).
The value needs to elicit nociceptive responses such as
withdrawal or struggle was established as a mechanical
pain threshold. The test was optimized by a single training
of the animals without applying pressure 1 day before the
experiments.!?

Novel object recognition test (NORT)

The apparatus consisted of an opaque box 50x50x60 cm
situated in a soundproof room. The procedure includes 3
phases: 1. The first day habituation to the empty box for 15
min; 2. The second day training — seconds for exploration
of two identical objects; 3. The second day testing — 15 min
after the training procedure the rats explore two objects,
one familiar, (F) and one novel (N)) for 5 min. Objects do
not have a resemblance to food and water and are cleaned
after each test along with the whole box with alcohol to
prevent odor traces. Discrimination of the N from F was
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represented by a recognition index (RI) = Time exploring
Nx100% / (Time exploring N + Time exploring F).2

Carbonylated protein assay

We have used the assay for the detection of protein car-
bonyl groups that involve derivatization of the carbonyl
group with 2,4-dinitrophenylhydrazine (DNPH), which
leads to the formation of a stable dinitrophenyl (DNP)
hydrazine product, which can be quantitated spectrop-
hotometrically at 276 and 370 nm. The peak absorbance
around 360 nm was calculated for the carbonyl content.?!
The total protein content was determined using the rou-
tine Lowry method??, crystalline bovine albumin being
a standard.

Statistical analysis

All data were analyzed by ANOVA (factors; factor Kyo-
torphin: a CSF and kyotorphin; factor Time: for OF test)
and Bonferroni post hoc test. Differences with p<0.05 were
considered statistically significant.

RESULTS

Fig. 1 shows that acute ICV injection of KTP at doses of
25, 50, and 100 pg/rat induced antinociception in PPT (F
(3, 33) = 15.373, p<0.001). The sub-chronic treatment with
the dipeptide at a daily dose of 100 pg/rat, however, did not
change their normal pain threshold (H=0.121, p=0.728).
EPM test data showed that all doses used had no impact
on the total activity [F (3, 37) = 0.526, p>0.05] (Fig. 2A)
and only a single dose of 100 pg/rat produced an anxiolytic
effect increasing the ratio of time spent in the open arms of

the maze [F (1, 21) = 4.199, p=0.054] (Fig. 2B). The results
from the OFT (Fig. 3) showed a significant time-depen-
dent effect of all experimental groups [F (4, 174) = 23.882,
p<0.001]. Controls demonstrated a normal decrease in the
ambulation with time [F (4, 69) = 6.958, p<0.001]. KTP
at a dose of 25 pg/rat did not influence the exploratory
behavior as compared to the controls (p>0.05), but at a
dose of 50 pg/rat decreased the motor activity at 5 minutes
(t=2.571, p=0.012). KTP at a dose of 100 pg/rat provoked a
significant diminishing in the activity [F (4, 109) = 6.146,
p=0.015] at 4 and 5 minutes of the test (t=2.165, p=0.033;
t=2.346, p=0.021). Sub-chronic KTP diminished the am-
bulation during all period [F (4, 104) = 44.111, p<0.001],
but the pattern related to habituation was preserved
(H=21.195, p<0.001). NORT also provides data for
exploratorybehavior. The time spentin sniffing the two new
objects during the training phase of the test was signifi-
cantly increased in rats, treated with a dose of 25 pg/rat
[F (1, 19) = 8.027, p=0.011] (Fig. 4A). Other doses have no
effects on the exploration, and all doses used did not in-
fluence the normal working memory during the test phase
(p>0.05) (Fig. 4B). The analysis of the carbonylated pro-
tein in the blood plasma and isolated hippocampus sho-
wed that sub-chronic treatment with KTP did not change
significantly the level of the impaired proteins both in the
blood and in the brain structure (p>0.05) (Fig. 5).

DISCUSSION

Most of the analgesics have adverse side effects, as some
of them are related to general sedation and/or impairment
of the attention, motivation, or memory. KTP derivatives
demonstrated strong analgesic activity with the side-effects
corresponding with a reduction in micturition, and a mild
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Figure 1. KTP injected ICV at doses of 25, 50 and 100 pg/rat increased pain threshold in Paw pressure test in rats as compared to the
Controls injected with aCSFE. The chronic KTP at a dose of 100 pg/rat for 10 days did not change significantly the pain threshold. Data

presented as means + SEM with n=10. *** p<0.001 vs. Controls.
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Figure 2. The total length of the trajectory (ambulation in centimetres) travelled in all zones of the Elevated plus maze (A), and the

ratio (%) of time spent in the open arm vs. total time (5 minutes) of test (B) after ICV injections of aCSF (Controls) or KTP at doses of
25, 50, 100 pg/rat and 100 pg/rat for 10 days. Data presented as means = SEM with n=10. * p<0.05 vs. Controls.

Open Field Test

—@— controls

—O— KTP 25 ug/rat

—w— KTP 50 ug/rat

—&— KTP 100 ug/rat
—&— KTP 100 ug/10 days

2500 -

2000 A
€
A

< 1500 A
(o]
3
g

g 1000 A
2
o

500

0
0

minutes

Figure 3. The total length of the trajectory (ambulation in centimetres) travelled each minute in the Open field apparatus after ICV
injections of aCSF (Controls) or KTP at doses of 25, 50, 100 pg/rat and 100 pg/rat for 10 days. Data presented as means + SEM with

n=10. *p<0.05 vs. Controls.

motor impairment that was less deleterious than in the
opioids.!*? The influence of the effective analgesics dose
of the dipeptide on the cognitive behavior and memory
processes in healthy rats, however, is still not elucidated.
According to others, we showed that ICV injection of three
doses of KTP exerted an antinociceptive effect.1">6824 The
sub-chronic treatment, however, did not change the pain
threshold as compared to the single doses. This result im-
plies the occurrence of adaptation or development of a to-
lerance to the antinociceptive action of KTP. It is known
that the development of the tolerance to opioid-induced
analgesia includes not only desensitization, down-regu-

lation, or internalization of opioid receptors, but also the
anti-opioid peptides which take a part in the mechanism
opioid tolerance.?*> Besides its antinociceptive properties,
KTP has shown to decrease morphine-induced analgesia
in hot plate test in rats, acting as an anti-opioid peptide.?®
Only a few studies provided data for the existence of an in-
hibitory effect of KTP on rat’s attention toward various sen-
sory stimuli and decreased motor activity. ” The authors
suggested the participation of the brain serotoninergic sys-
tem in the KTP-induced modulation of these behavioral
parameters. The existing data showed that KTP produces
no marked changes such as hypermotility, ataxia, or cata-
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Figure 4. The total time (in seconds) spent in exploration of the new objects during the training phase of NORT (A), and the recogni-
tion index (%) representing the referent exploration of a new object during the test phase (B) after ICV injections of aCSF (Controls) or
KTP at doses of 25, 50, 100 pg/rat and 100 pg/rat for 10 days. Data presented as means + SEM with n=10. *p<0.05 vs. Controls.
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Figure 5. Total concentration of the carbonylated proteins (in mmol/mg proteins) in the blood plasma and the isolated hippocampus
after ICV injections of aCSF (Controls) or KTP at a dose of 100 pg/rat for 10 days. Data presented as means + SEM with n=10.

lepsy in rats.?”?® Exploration is one of the basic adaptive
behavior that is part of the inherent motivation, giving the
animal an advantage to survive in a new or changing en-
vironment. Brain hippocampus is an analyzing neuronal
circuit involved in the incentive motivated exploration,
anxiety, spatial, and long-term memory.*30-32 Qur pre-
sent data from the EPM showed that only the highest sin-
gle dose of KTP can suppress anxiety-like behavior. This
mild sedative effect could not be explained by a KTP-in-
duced opioid-dependent mechanism because, according
to the literature, morphine treatment produced the oppo-
site effect, but the ability of proper KTP receptor-mediated
anxiolytic effect cannot be ignored.*> We have previously

shown that ICV infusion of KTP in a model of Alzheimer’s
disease prevented the disintegration of normal anxiety
behavior in rats treated with streptozotocin.!*!¢ The pre-
sent results from the OFT showed a dose-dependent im-
provement of the habituation to a new environment of rats
treated with KTP as compared to the controls. The only
literature data found was related to the effects of two halo-
gen analogs of KTP on the behavior, which demonstrated
improved habituation to a new environment after two or
three ICV injections in mice, while a single injection did
not exert any effect on the exploration.* The habituation to
unknown stimuli without biological significance to a sub-
ject is one of the simplest models of the learning process
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widely accepted as a form of implicit memory.>> The ame-
liorative effect of KTP on the novelty habituation was not
accompanied by diminished curiosity in the training phase
of NORT, as far as the low dose of the dipeptide increased
the time of exploration of a new object. The formation of
carbonylated proteins is the most general and widely used
marker of protein oxidation both in vitro and in vivo. The
present study showed that neither acute injection of KTP
nor its chronic administration influenced the working me-
mory in NORT and the levels of the carbonylated proteins
in blood plasma and the isolated hippocampus.

CONCLUSIONS

These results support the suggestion that the analgesic
doses of KTP have no any adverse side effects on normal
memory processing. We have previously shown that KTP
can prevent the development of Alzheimer’s type of im-
pairment of the recognition memory when the peptide was
infused chronically before and after the injection of strep-
tozotocin.!® The present data revealed that KTP itself has
not memory-enhancing action and its action in the Alzhei-
mer’s experimental model perhaps is a result of prevention
against the deleterious impact of the streptozotocin both
in the early and the late phase of the development of the
experimental model.!>!® Altogether, our results showed
that KTP administered directly into the brain ventricles
exerted its main antinociceptive effect without affecting
negatively the blood and hippocampal carbonylated pro-
teins or basic behavioral parameters related to exploration,
motivation and memory formation in healthy rats.
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Pe3tome

BBepeHue: DuporeHHbl gunentuy L-tuposuH-L-aprianuH (knotopduH, KT®) o6HapyxeH B CTPYKTYpax MO3Ia, yJacTBYIOVX
B 06paboTke MHPOpPMaLUM 0 GONEBBIX OLIYIIEHNAX, KOHTPOJIE SMOIMIL ¥ GOPMMPOBAHMY NMAMATHU. I[IOMMMO aHTMHOLMIIEITYBHOTO
meitcteyA KT®, oH o6mafiaeT yMepeHHOI! 3aIMTHOI aKTMBHOCTDIO IIPOTUB BPEHOTO BO3JEICTBIUA LiepeOpanbHOll runonepdysuu u
CTPENTO30TOLMHA Ha TI0BEJleHe 1 TAMATD.

Llenb: Hamra nenb cocTosia B TOM, YTOOBI M3y4YNTb BIVAHUE MHTPallepeOpOBEHTPUKY/IAPHON MHbEKIMY 3P PEeKTVBHBIX aHTHHOLY-
renTuBHBIX 703 KT® Ha MOTMBALHIO, IaMATH 1 YPOBHY KapOOHIIMPOBAHHBIX 0€KOB B KPOBH U TUIIIIOKAMIIE Y 30POBBIX B3POCTIBIX
caM10B KpbIc muHuy Wistar.

MaTelea.nbl n metoagbl: MBI UCIIONMB30BAIM MEXaHMYECKIIT TECT JABJICHUA JIAIIbI O/IA OLCHKN OCTPOI‘/'I HOoIMLenuum 1 TeCT OTKpbI-
TOTO TOJIA JIJISL OLIEHKM UCCIIeOBAaHUI U aKK/IMMaTU3aluM K HOBOW cpene, TECT C IPUIIOTHATBIM erCTOO6paSH])IM ]IaGI/IpI/IHTOM A
OL€HK!M TPEBOKHOI'O ITOBEAEHMA M TECT pacllO3HaBaHMA HOBOI'O oObeKTa JOA OLEHKN pa6o'{el71 MMaMsATb. AHaNMu3 Kap60HI/ITII/IpOBaH-
HOTO 0e/IKa MCIIO/b30BaIN A7 OE€HKN OKMC/IUTENbHOIO IOBPEXAEHNA 6enka. PESYIIbTaTbI (930078 IIpOaHa/IM3NPOBaHbI C ITIOMOIIbIO
ANOVA.

Pesynbratbl: HacTosmue pe3ynbTaThl IOKa3bIBaIOT, YTO BCe pa3oBble fo3bl KTD 06magaoT aH TMHOLMIEITUBHBIM 3P PeKTOM, HO
3TOT 3¢deKT He HabMOTANCA OCTIe ANUTENbHOTO Mpuéma. Tonbko camMas BrICOKaA Fo3a B 100 pg cMoria BbI3BaTh aHKCHOMMTUIECKUI
Y MOTOPHBIIT MHIMOUpytowuit 3¢ dekt. Hi ofHa 13 MCIIOTB30BaHHBIX /103 He OKa3asia BJIVAHVA Ha KOTHUTMBHYIO IAMATD VIN YPOBEHb
KapOOHMINPOBAHHOTO GenKa.

3akntoueHune: Hamy pesynbTaThl IoKaspiBaoT, 4To KT® okaspiBaeT aHTMHOLMIENTHBHOE [EICTBME, HE BIVAA OTPULIATEbHO Ha
KapOOHVMINPOBAHHBIIT 6€7I0K KPOBY M MO3Ia IIM Ha OCHOBHBIE IIOBeIleHUeCKIie TIapaMeTphl, CBA3aHHBIE C UCCTeNOBaHISMY, MOTHBA-
1yeit 1 GOPMUPOBaHMEM IIAMATH Y 3TOPOBBIX KPBIC.

KnwoueBble cnoBa

TpeBOra, KI/IOTOp(i)I/IH, IaMATb, HOUMIEIIINA, IIEIITUIbI
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