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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
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11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

The aim of the study was investigation the ratio of excitatory
and depressor post-stimulus manifestations of Periaqueductal
gray (PAG) single neuron activity during Locus coeruleus (LC)
stimulation in a Parkinson’s disease (PD) model to identify
excitotoxicity in neurodegeneration and the formation of
persistent pain, which is poorly treatable.

The electrophysiological studies were performed on 6 Albino
rats (230+£30g.): intact (n=3) and on the rotenone model of
Parkinson’s disease (PD) induced by unilateral injection of
rotenone for 4 weeks holding of animals (n=3). The extracellular
on-line registration of spike activity of 236 single neurons of the
Periaqueductal gray (PAG) at high frequency stimulation (HFS)
of Locus coeruleus (LC) in intact animals (116 neurons) and on
the model of PD (120 neurons) was produced.

According to programmed mathematical analyses were
detected changes in depressor and excitatory responses (TD and
TP), accompanied by post-tetanic depression and potentiation.
In the neurons PAG at HFS LC on the model of PD the full
suppression of synaptic depressor poststimulus manifestations
of activity, accompanied by posttetanic and the prevalence
of such excitatory has been revealed. Was the conclusion
about serious neurodegenerative damage of the important
antinociceptive structure - PAG, that promotes resistant chronic
pain in parkinsonian patients.

Key words. Rotenone model of Parkinson’s disease,
substantia nigra compacta (SNc), periaqueductal gray (PAG),
high frequency stimulation, Locus coeruleus (LC).

Introduction.

The majority of patients with neurodegeneration disease (ND)
complain of pain, the origin of which remains largely unknown,
often overlooked in medical recommendations, needs further
studies of pathophysiological mechanisms and predisposing
factors. This gives the high relevance of pain ND and finding
available therapeutic strategies to prevent it [1-3]. Pain and
other nonmotor symptoms in PD are increasingly recognized
as a major cause of reduced health-related quality of life. Pain
in PD may be categorized into a number of different subtypes,
including musculoskeletal, dystonic, radicular neuropathic, and
central pain. [4,5]. In particular, when dominates neuropathic
pain, which is connected with neurodegeneration of structures
involved in pain modulation [6]. In addition, in more advanced
stages of PD prevailed all 4 types of pain, associated with PD
(musculoskeletal, dystonic, radicular, and neuropathic) [7,8].

Remains unclear maintenance of chronic pain is associated
with altered functioning stem descending modulation systems.
Application of functional MRI (functional magnetic resonance
imaging) Mills et al. [9]. found in patients with chronic
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neuropathic orofacial pain increased functional link between
rostral ventromedial medulla (RVM) and other stem-pain
occurrence areas including ventrolateral periaqueductal gray
(VIPAG) and the locus coeruleus (LC). In addition, vIPAG and
LC demonstrated increased functional link with the higher
brain areas, including the hippocampus, nucleus accumbens
and anterior cingulate cortex. Experimental animal studies have
shown that the brain contains multiple nervous circles, that might
deep impede or facilitate influx of nociceptive information at the
level of primary afferent synapse. These descending modulating
circles include direct and indirect projection downward to
dorsal horn and spinal trigeminal nucleus (SpV) of midbrain
PAG, RVM, LC and subnucleus reticularis dorsalis (SRD) [10-
13]. These studies strongly suggest that changes in the feasible
functioning of stem nociceptive modulating systems can play a
key role in the initiation and/or maintaining a different of human
chronic pain conditions. To date, no study focused on ongoing
functions stem nociceptive modulating circles, including PAG,
RVM, LC and SRD in people with chronic pain. Subject to
hypothesis that subjects with painful trigeminal neuropathy
alteration strengths of functional linkage between the rostral
brain fields and PAG and LC [9].

Finally, among the antinociceptive structures of interest PAG
and LC. Together with the LC, the nuclei raphe of the medulla
oblongata (Raphe magnus-RMg), which ends with the medial
system involved in affective and cognitive assessment measuring
pain, pain memory and autonomic responses [5,14]. They
are actively involved in the modulation of spinal nociceptive
transfer, in particular, by the inhibition of nociceptive neurons
in the dorsal horn of the spinal cord, the violation of which
is fraught with increasing of pain sensations [15,16]. The
violation ratios excitatory and depressor synaptic processes in
antinociceptive brain structures, including the noted, at ND
underlies in the development of chronic pain.

This article presents data on the study changes of the ratio of
excitatory and depressor post-stimulus activity of PAG single
neurons during high frequency stimulation (HFS) of LC in a
rotenone model of PD, that would approve the emergence of
chronic pain as a result of neurodegenerative damage.

Materials and Methods.

Electrophysiological studies were performed on 6 Albino
rats (230+30g.): intact (n=3) and PD models (n=3) induced by
unilateral administration of rotenone for 4 weeks. Rotenone
was administrated under Pentobarbital anesthesia (40 mg/kg,
i/p) at a rate of 12 ug in 0.5 pl of dimexide (with speed 1 pl/
min) in “medial forebrain bundle” by coordinates of stereotaxic
atlas (AP+0.2; L£1.8; DV+8 mm) [17]. All procedures were
performed in accordance with the “Regulations for the Care
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of Laboratory Animals” (NIH Publication No. 85-23, revised
1985) as well as specific guidelines provided by Animal Care
and the National Medical Service and Health Committee (NIH
Publication No. 80-23, revised in 1996). In stereotaxic apparatus
we performed trepanation of skull from bregma to lambda and
opened the dura mater. Glass microelectrodes with a tip diameter
of 1-2 uM, filled 2M NaCl, inserted into the brain PAG according
to stereotaxic coordinates (AP-4.92; L+2.0; DV+5.7 mm) for
extracellular recording of spike activity of single neurons (Figure
1). High-frequency stimulation (HFS) of LC was performed
(rectangular current with a duration — 0.05 ms, by an amplitude
0f 0.12-0.18 mV, a current strength of 0.32 MA and a frequency
of 100 Hz during 1 sec) according to stereotaxic coordinates
(AP-9.7, L+1.3, DV+7.1 mm). To acute experiment rats aged 4
weeks. After the sustained of expiry of the mentioned period in
animals with PD the extracellular recording of background and
evoked spike activity of single neurons of PAG are produced.
Operation carried out on anesthetized animals (urethane 1,2 g/
kg i/p) in the next regular behind the sequence: fixing the skull
in stereotaxic apparatus, craniotomy with the removal of bones
from bregma to lambda and separate of dura mater. Previously
animals were immobilized with 1% Dithyline (Suxamethonium
iodide) (25mg/kg i/p) and transferred to artificial respiration.
The activity manifested as tetanic depression (TD) and
potentiation (TP), accompanied by a post-tetanic depression
(PTD) and potentiation (PTP). The single-spike activity of 207
PAG neurons were analyzed. Post-stimulus manifestations of
activity were assessed by on-line registration and programmed
mathematical analysis, allowing spike selection by amplitude
discrimination, withdrawal the «rasters» of peristimular spiking
of neurons, construction of sum histograms, and diagrams of
average spike frequency. We performed further multi-level
statistical processing for pre- and post-stimulus time intervals.
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Peri-event Time (PETH Average) histograms and Frequency
Average histograms were plotted for selected compared spiking
groups. The analysis of obtained data on specially developed
algorithm produced, providing reliability peristimulus changing
of interspike intervals. The homogenity of two independent
samples controlled by Student's t-test. In order to increase the
statistical significance of peristimulus changes in interspike
intervals, the two-sample Wilcoxon-Mann-Whitney test was
also used as a non-parametric one that assesses the homogeneity
of independent two samples.

We also used a variant of this test, the z-test, which determines
asymptotic normality. Considering the critical values compared
to those of the normal distribution at significant levels of 0.05,
0.01, and 0.001 shows that in most cases of spiking in HFS, the
statistically significant change reached a level of at least 0.05.

Results and Discussion.

Extracellular recording of spike activity of single PAG neurons
was performed in the norm group (116 neurons, n=3) and on
a PD model (120 neurons, n=3). By means of analysis based
on the average number of spikes (PETH), with conversion in
inter-pulse intervals and frequency in Hz (Frequency Average),
compared to prestimulus level, in these circumstances have been
discovered the following changes of depressor and excitatory
tetanic reaction (TD and TP) in both post-tetanic sequences
(PTD and PTP). In the PAG neurons during LC HFS tetanic
depression in both sequences in norm determined by the order of
1.75- and 2.5-fold under estimation of the prestimulus activity,
accordingly (Figure 2A, Groups A,B). Tetanic potentiation,
accompanied by posttetanic potentiation and depression in
limits of 1.6 and 1.12-fold exceeding the prestimulus activity
are revealed (Figure 2B, Groups A,B). In neurons of PAG at
LC HFS tetanic depression on the model of PD not identified

B Recording zone
OPT i |
MPT *< S
5
23 L
MCPC| 1 ]
\ r \I}/ ) u". :'\ 6
\ "Lth / RPF} \
] P il N
. ]
\ i £
' { Dk/ |
L VR Y S S I NS | mm
0 1 2 mm

Interaural 4.08 mm
Bregma 4.92 mm

Figure 1. Scheme of the experiment on stimulation of LC and recording from PAG. Stereotaxic image of the site of stimulation zone - 4, the site of

recording of neuronal activity — B and characteristic action potential - C.
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Figure 2. Averaged Peri Event Time (PETH Average) histograms and frequency histograms (Frequency Average) of depressor excitatory (4,
Groups A, B) and excitatory, excitatory depressor poststimulus manifestations of activity of PAG neurons in norm (A, B, Groups A, B) and on the
model of PD (C, Groups A, B) at LC HFS (100 Hz, 1 sec). For groups A and B, the number of tests are indicated.
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Figure 3. A-D — histograms of sum spikes pre- and poststimulus tetanic depressor manifestations of activity TD PTD (A), in conjunction with
the posttetanicexcitatory — TDPTP (B), excitatory — TP PTP (C), accompanied by depressor (D), neurons of PAG, evoked at HFS LC in norm,
in real time 20 sec (before and after stimulation). The raster of activity on A, B — detailed analysis of arbitrarily chosen single neurons from this
group. Diagrams frequency of spikes, presented in histograms, with averaged values (M) for time periods prior to (BE - before event), at the time
of tetanization (TT - time tetanization) and after stimulation (PE - post even). To the right of the diagrams — number of tests (n). The remaining
symbols are in the figure.
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at all, and tetanic potentiation in both sequences in limits of
2.26 and 2.33-fold are defined, accordingly (Figure 2C, Groups
A,B). Obvious excitotoxicity and full suppression of depressor
poststimulus manifestations of PAG neurons activity at LC
activation, testify on deep neurodegenerative defeat of PAG.

In assessing the relative severity of excitatory effects, for
example of diagrams of average frequency of spikes, derived
on the basis of raster pre- and poststimulus excitatory and
excitatory-depressor uni- and multidirectional manifestations
of spike activity of neurons on the model of PD, indicating
the average numerical values in real time 20 sec before and
after stimulation, including the time of HFS, obtained values,
presented in the form of disk diagram for a better presentation
of the degree of severity in the frequency display (in %)
experimental data in Figure 5.

(on the bases of Figures 3 and 4), which led to the following
conclusion. In excitatory succession (TP PTP) the value of the
TP on the model of PD exceeding the norm (1.53-fold) (Figures
4C and 5A-C), in excitatory depressor (TP PTD) - the level in
pathology 1.55-multiply exceeded the norm (Figures 4D and
5A-D). The prestimulus of activity on the model of PD, precede
to excitatory sequences, more than two times above the norm
proved (44.84 against 20.14) (Figure 5E), and such, precede
excitatory-depressor — order more than two-fold exceeding the
norm (62.12 against 26.58) (Figure SE). Finally, poststimulus
frequency of activity of PAG neurons at LC HFS, accompanied
bypostsimulus excitatory sequences (TP PTP), reached 8.51-
fold exceeding the norm (108.65- against 12.76-fold) (Figure
SE), as such, accompanied by depressor — in limits of 7.75-fold
exceeding the norm (140.52 against 18.12) (Figure 5F).

In the present study revealed powerful excitotoxicity,
testify about serious neurodegenerative defeat of important
neurodegenerative antinociceptive structure- PAG have been
revealed, contributing to the emergence of persistent chronic
pain. Since the ND arose long before clinical manifestation,
relies on responsibility of compensatory mechanisms for their
deterrence. They are capable of not only restrain development
of pathological process but can be used for prevention and
treatment of ND. Compensatory mechanisms include increased
activity and hyper perfusion of the affected brain structures,
formation of antibodies to B-amyloid, neuroprotective protein
synthesis, activation of antioxidant defense systems and
proonkogens, inhibiting neuronal apoptosis, induction of
neurogenesis, sprouting of neuronal terminals, the increase
in the "density" of receptors to neuromediators [18,19].
However, with the appearance of clinical signs of compensatory
mechanisms usually depleted.

Literary data confirm a provision on universal protective
designation GABA-ergic inhibition.

In conclusion, increasing recognition of the pivotal role under
ND acquires excitotoxicity, but its participation mechanisms
need further research [20]. Excessive activation of glutamate
receptors stimulating amino acids leads to numerous adverse
effects, including the deterioration of calcium bufferational,
the generation of free radicals, the activation of mitochondrial
permeability  transition, and secondary excitotoxicity.
Understanding ways involved in excitotoxicity is critically
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important for the future of clinical treatment of most ND
[20]. Hynd and co-author [21] note that attraction stimulating
amino acid 1-Glu may underlie acute and chronic pathogenic
mechanisms: hypoxia-ischemia disease, epilepsy, Hantington
and AD. Excitotoxicity when ND is the result of glutamate
overactivation of glutamate NMDA and AMPA receptors,
promoting to serious damage of neurons [22]. Excitotoxicity
through excessive activation of NMDA receptors may enhance
local neuronal vulnerability [21]. According to Caudle and
Zhang [23] glutamate excitotoxicity mediated AMPA /kainate
type glutamate receptor, damages not only neurons but myelin
producing cells in the central nervous system, oligodendrocyte.
So glutamic excitotoxicity, apparently an important mechanism
in autoimmune demyelination, and AMPA/kainate his
antagonists can provide effective therapy in multiple sclerosis
[23]. Arundine and Tymanski [24] consider important molecular
mechanisms of calcium-dependent neurological degeneration
under excitotoxicity. Key mediators of excitotoxically injury - of
Caions (Ca2+), which at physiological conditions regulate many
of cellular processes including cell growth, differentiation, and
synaptic activity [24]. With a view to their prevention requires
restoring and deepening the depressor effects of protective
destination and reduce excessive excitatory.
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CHUHAIITUYECKHUE MMPOLECCHI B
NEPUAKBEAYKTAJIBHOM CEPOM nru
AKTHUBAIIMA LOCUS COERULEUS BPOTEHOHOBOM
MOZJEJIA BOJIE3HU TIAPKMHCOHA

Mymersn I'X, I'opueasin WU.I, Ilorocan M.B, Apaxxsan
I'M, Capkucsn Jx.C.

Llenpto wmccnenoBaHuss ObUIO W3Y4YEHHE COOTHOIICHHMS
BO30Y)XKJAalOIMX M JICIPECCOPHBIX  MOCTCTHMYIIBHBIX
TIPOSIBIICHUH AKTHBHOCTH OJJMHOYHBIX HEHpPOHOB
nepuakBenykTanbHoro  ceporo BemiectBa (IICB)  mpm
crumynsiiun - ronyooro mnstHa (I'TI) Ha Momenm OonesHn
[Mapkuncona (BIT) ¢ menbio BEISBICHUS] SKCAHTOTOKCHYHOCTH
npu HeiipozpereHepauuu M (HOPMUPOBAHUM TIOCTOSIHHASI 0OJIb,
TIOXO MOAAIOIASICS JICYEHUIO.

OnekTpopU3NOIOTHYECKNE  HCCIICNOBAaHUS  BBITOJIHEHBI
Ha 6 Kpeicax-anpOuHOCax (230+£30 r1): WHTAKTHRIX (n=3)
U Ha pOTEHOHOBOW Mozenu Oone3nu Ilapkuucona (BIT),
WHTyIIUPOBaHHOM OHOCTOPOHHMM BBEAEHHEM POTEHOHA, IPU
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4-HeneTbHOM BBIAEPIKMBAaHHUH KUBOTHBIX (n=3). BHeKIIeTOuHAs
on-line perucrpanus CHaikoBONH aKTHBHOCTH 236 OJIMHOYHBIX
HEHPOHOB IeprakBeyKTansHoro ceporo Bemectsa (IICB) mpn
BbIcokouacToTHOU cTuMmyisiuu (BUC) romyboro nstha (I'T]) y
WHTaKTHBIX )XUBOTHBIX (116 HeiipoHOB) 1 Ha Moxenu BIT (120
HEIPOHOB) IPOU3BEIN.

[lo pmaHHBIM NPOTrPaMMHOTO MaTEMaTHYECKOTO aHajIH3a
OBUTH BBISIBIICHBI H3MEHEHHS JICTIPECCOPHON U BO3OYKIaroIeit
peaxunit (T u TII), compoBokaaBIINECs TTOCTTETAHUYECKOH
Jgenpeccueit U moreHiumanued. B meliponax IICB mnpu
cTuMyisiu Ha Mozpenu BIl BeIIBIEHO TONHOE mopaBieHHe
CHUHANTHYECKUX JETPECCOPHBIX MOCTCTUMYIIBHBIX MPOSBICHUN
akTUBHOCTH. ClleNaH BBIBOJ O CEpPhE3HOM HEMPOAETeHEPATUBHOM
MOBPEXICHUN BAXXHOW aHTHHOIMIENTUBHON CTPYKTYpBI -
I[ICB, cnocoOcTByrOIIEH pPa3BUTHIO CTOHKOH XPOHHUYECKOU
6011 y OOJIBHBIX TAPKHHCOHM3MOM.

KaroueBblecaoBa: poreHoHOBasiMozenbs0one3nul lapkuHcoHa,
KOMITaKTHasl YepHasi CyOCTaHIMs, NepUaKkBeAyKTajbHasi cepoe
BemectBo (IICB), BbIcokowacTOTHast cTUMyisinus, roiyboe
msitHo (I'TT).
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