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Annomayun. ®apmaxo-O3I" sABIAETCS MEPCIEKTHBHBIM METOIOM HCCICIOBAHUS JIEKAPCTBEHHBIX MpENapaToB
(JIIT), HampaBIeHHBIM Ha BBISBICHUE X CIEIU(PHUUSCKOTO BIUSHUS Ha JIEKTPOPHU3NOIOTHIECCKYIO aKTHBHOCTD TOJIOB-
HOro Mo3sra. JIaHHBIH METOJ MOXET ObITh HCIONB30BaH KaK JJisi CKPUHUHTA HOBBIX MOJICKYI, TaK ¥ JJISl BBISBICHHS
eme Hem3ydeHHoro BiusiHus Ha [THC maBHO HCMONB3yeMbIX B KIMHHUYECKOW MpaKTHKe mpernapatoB. OcoOblit HHTEepec
B KOHTEKCTE M3YUCHHS MOCICTHUX MPEICTABIIACT BBISIBICHUE 10303aBUCHMBIX 3(dexToB, Tak kak O6omburuacTBO JIIT,
okaspiBaronux BiausHue Ha [THC, MOryT Ha3HAYaTHCS MAIIMEHTAM B Pa3JIMYHBIX JO3UPOBKAX B 3aBUCHMOCTH OT TsDKe-
CTH WJIW TPUPOBI 3a00JIEBaHMUS, YTO CBS3aHO JHMOO C MOBBINICHHEM d(PPEKTUBHOCTH WX NEUCTBHUSA, JTHOO C BO3ICH-
CTBHEM Ha JIOMIOJHUTENbHBIC MUIIeHH. Tak Kak OONbIIas 4acTh MCUXOTPONHBIX WM HefpoTpornHbix JIIT mepBhIx Mo-
KOJICHUH SIBJISICTCS HECEIEKTUBHOW M MOXET CBA3BIBATHCS C OOJIBIINM KOJIMYECTBOM MUILIEHEH, UCCIEN0BaHUE C I10-
Moo papmako-O3T MOXKET MO3BOJIUTH BBISBUTh KaK OCHOBHBIC, TaK M TIOOOYHBIE f0303aBUcHMbIC A3 dekThl. [Ipo-
METa3uH SBISETCSl aHTUTMCTAMUHHBIM IIPENapaToM IEepBOrO MOKOJIEHUS, U MoMHMO Onokansl H1-penentopos, ero
JICWCTBHE TaKKe 00YCIOBJICHO 0JI0KaI0i M-XOJIIMHOPEIENTOPOB, C YEM U CBS3aH LIMPOKUMN CIIEKTpP JIEHCTBUS JaHHOTO
npenapata. B naHHOM uccnenoBanuu Oblia MpOBE/IEHA OLIEHKA BIUSHUS MPOMETAa3HHA B pasHbIX go3ax (0.5 mr/kr, 5
MI/Kr 1 20 MI/KT) Ha aMIDTMTYIHO-CIIEKTPAIbHBIC XapaKTEPUCTHKH AJIEKTPOKOPTUKOTPAMM Y KPBIC C MOCIEIYIOLIIM
aHaJIM30M IJIaBHBIX KOMIIOHEHT. B pe3ynbpTaTe ObUIO YCTaHOBJIEHO, YTO IIPOMETA3HH BBI3BIBAET J10303aBUCHMOE yBeE-
JIMYEHHE 3HaYeHUH riiaBHOM KoMmnoHeHThl PC1, oTpaxkarolield aMIUIUTY/AHbIC XapaKTEPUCTUKU 3JIEKTPOKOPTHKOIpa-
¢duueckoit aktuBHOCTH. [Ipy 3TOM 3 (heKTH npenapaTa Ha CIIEKTPAIbHBIE XapaKTEPUCTUKU PETHCTPUPYEMBIX CHUTHA-
JI0B OBLIM pa3HOHAIIPABIICHBI U HE UMENH CTaTUCTUIECKON 3HAUMMOCTH.

Knroueswie cnosa: dapmaxodnextposHiedanorpadus, 371eKTpOKOPTUKOrpadus, MPOMeTa3uH, aHTUTUCTAMUHHbBIC
cpencraa
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Abstract. Pharmaco-EEG is a promising method for the study of drugs aimed at identifying their specific ef-
fect on the electrophysiological activity of the brain. This method can be used both for screening of hew mole-
cules and for detecting the still unexplored effect on the central nervous system of drugs used in clinical practice
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for a long time. The identification of dose-dependent effects is of particular interest in the context of studying the
latter, since most of the drugs affecting the CNS can be prescribed to patients in different dosages depending on
the severity or nature of the disease, which is associated either with an increase in their effectiveness or with an
effect on additional targets. Since most of the psychotropic or neurotropic drugs of the first generations are non-
selective and can bind to a large number of targets, a study using pharmaco-EEG can reveal both the main and
side dose-dependent effects. Promethazine is a first-generation antihistamine, and in addition to the blockade of
H1 receptors, its effect is also due to the blockade of M-cholinergic receptors, which is why a wide range of ac-
tions of this drug is associated. In this study, the effect of promethazine at different doses (0.5 mg/kg, 5 mg/kg
and 20 mg/kg) on the amplitude-spectral characteristics of electrocorticograms in rats was evaluated, followed
by analysis of the principal components. As a result, it was found that promethazine has a dose-dependent in-
crease in the values of the main component PC1, which reflects the amplitude characteristics of electrocortico-
graphic activity. At the same time, the effects of the drug on the spectral characteristics of the recorded signals
were multidirectional and did not have statistical significance.

Keywords: pharmacoelectroencephalography, electrocorticography, promethazine, antihistamines
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Introduction

Pharmaco-electroencephalography (pharmaco-EEG) is an effective method of pharmacological research,
which makes possible to classify psychotropic drugs of different groups and determine their effect on the central
nervous system by analyzing the amplitude-spectral characteristics. This method is widely used in various fields
of biomedicine to assess the effect of psychotropic drugs on the electrophysiological activity of the brain, both in
clinical [Jobert, 2012, 2015] and preclinical (non-clinical) [Drinkenburg et al., 2015, Koncz et al., 2021,
Dimpfel, 2008, 2013] studies.

First-generation antihistamines (FGAH) are often used in clinical practice due to their wide spectrum of ac-
tion. The pharmacological effects of this group of drugs are due to the blockade of central and peripheral H1
receptors, as well as M-cholinergic receptors. Thus, promethazine, a derivative of phenothiazine, in addition to
antiallergic, has a sedative, antiemetic, anxiolytic, and hypnotic effect [Bopucora, 2005].

Given the variety of effects of this drug, it is of great interest to identify its dose-dependent effects. For ex-
ample, in the vocalization test in rats, promethazine at low doses (1.25 mg/kg to 5 mg/kg) facilitated nociception,
and at high doses (10-40 mg/kg) had an antinociceptive effect [Paalzow, Paalzow, 1985].

The pilot electrocorticogram records we obtained in rats using promethazine at high doses (20 mg/kg) were
distinguished by a very interesting set of effects, so we decided to decrease the dosage of the administered drug
to study its effect on electrocorticograms in different dose ranges.

The purpose of this work was to study the effect of promethazine in 3 dose ranges (0.5, 5 and 20 mg/kg) on
the parameters of electrocorticographic activity in rats.

Materials and methods

Materials. The study was carried out in accordance with the principles of the Basel Declaration, the Order of
the Ministry of Health of the Russian Federation No. 199n dated 01.04.16 “On the Approval of the Rules for
Good Laboratory Practice” and the recommendations of the Bioethical Commission of the SPCPU of the Minis-
try of Health of Russia. The rats were kept under standard vivarium conditions on a normal diet with free access
to water. All experimental and control animals were taken from the same batch and were quarantined for 14
days.

The experiments were performed on 10 outbred male rats weighing 250-300 g obtained from the Rappolovo
Federal State Unitary Enterprise (Leningrad region).

Methods. The manufacturing process and procedure for implanting electrodes, as well as the features of
postoperative care for animals, were described in detail in a previously published work [Sysoev, 2022]. Elec-
trodes FP1 and FP2 were placed in the region of the primary motor cortex (AP = 0.0, ML = 2.5, DV = 1.0), C3
and C4 were placed in the primary somatosensory cortex above the hippocampus (AP = -4.0, ML = 2.5, DV =
1.0), and O1 and 02, secondary visual cortex (AP = —7.0, ML = 2.5, DV = 1.0). The reference electrode was
placed in the nasal bone, and the ground electrode was placed under the skin in the neck area.

Recording of electrocorticographic activity was carried out no earlier than 7 days after surgery using an 8-
channel Neuron-Spectrum-1 encephalograph (Neurosoft, Russia) with a bandwidth of 0.5-35 Hz and a quantiza-
tion frequency of 500 Hz. The signal was recorded simultaneously with the video recording of behavior in a
home cage under artificial lighting. The duration of the recording was 2 hours and included 30 minutes of back-
ground activity (before the administration of the drug or saline) and 1.5 hours after the injection. For further
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analysis, two 60-second sections of the recording were selected: immediately before the introduction and 20
minutes after. During the selected fragments of electrocorticograms, the animals were in a calm waking state, in
the absence of locomotor or exploratory activity, grooming or scratching [Hansen et al., 2019].

Promethazine (EGIS, Hungary) was administered intraperitoneally at doses of 0.5, 5, and 20 mg/kg. As used
physiological solution in a volume of 0.5 ml. For each of the groups, 6 entries were made.

The obtained records were analyzed using the Neuron-Spectrum.NET program (Neurosoft, Russia). For all 6
leads (FP1, FP2, C3, C4, O1, and 02), an amplitude-spectrum analysis was performed with a total of 132 param-
eters calculated, including the average and maximum signal amplitude, standard deviation, and compression ra-
tio according to Lempel-Ziv, average amplitude of wave rhythms, indices and average powers of rhythms. From
the signal were isolated 3- (0.5-4.0 Hz), 6- (4.0-8.0 Hz), a- (8.0-14.0 Hz) and B-rhythms (low-frequency, LF —
14.0-20.0 Hz, and high-frequency, HF — 20.0-35.0 Hz). The data were expressed as ratios of the values of the
parameters before administration of the drug to the values of the corresponding parameters after administration
(from 0 to 1).

Statistical analysis. Processing and subsequent analysis of the received data was carried out using an add-in
for MS Excel XLSTAT 2016. The dimensionality of the data was reduced using the principal component meth-
od. The numerical data shown in the figures are presented as average + SE.

Results and discussion

During the analysis of the PCM data, it was revealed that 82.8% of the total variance describes the first three
components (PC1, PC2 and PC3), which were used for further calculations. The values of the factor loads of the
EEG indicators used showed that the PC1 component (64.3% of the variance) depends on the amplitude charac-
teristics of the signal, regardless of the lead. The PC2 component (13.1%) was formed by the ratios of the values
of the indices of 6-, 6-, a- and B-rhythms. Similarly, this component did not depend on the localization of the
recorded signal. PC3, describing 5.4% of the variance, was formed by the average amplitude and the index of the
0-rhythm in the region of the leads C3 and C4 (somatosensory cortex above the hippocampus).

Comparison of the average values of the main components PC1, PC2 and PC3 showed that promethazine
dose-dependently increases the value of PC1 The values of this component were higher in groups of rats admin-
istered promethazine at doses of 5 and 20 mg /kg compared with the control (p<0.05 and p<0.01, respectively).
The effects of the drug on PC2 and PC3 components were multidirectional depending on the dose and were not
statistically significant (Figure).
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Values of the main components PC1, PC2 and PC3 for brain electrical activity in animals of the NaCl
(control) and promethazine groups at doses of 0.5, 5 and 20 mg/kg

* —p<0.05, ** — p<0.01

[Buauenus riraBubix kommoneHT PC1, PC2 u PC3 anekTpokopTHKOrpaduuecKoiil aKTHBHOCTH KHBOTHBIX
rpymt NaCl (koutposb) u mpomerasuna B q1o3ax 0,5, 5 u 20 Mr/kr]
Conclusions

Promethazine induces a dose-dependent increase in the values of the main component PC1, which reflects
the amplitude characteristics of electrocorticographic activity in rats. As a result, the effects of the drug on the
spectral characteristics of the recorded signals are multidirectional and statistically insignificant.
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