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THE EFFECT OF ESTROGEN DEFICIENCY ON THE FUNCTIONING
OF ARC CENTRAL LINK SEGMENTAL REFLEX
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The purpose of this study was to analyze the influence of the spinal cord interneuronal pool due to the lack of estrogens
on the functioning of the central link of the reflex arc. The study was performed on 51 mature rats (females). Estrogen deficiency
was induced by ovariohysterectomy. L5 dorsal root was stimulated by single and paired square-wave impulses. The response was
recorded on the dorsal surface of the spinal cord and the ventral root at the same level. The overall effect of estrogen deficiency is
an increase in the excitability of spinal cord motor neurons, activity of the interneuronal pool, inhibition of nerve transmission at
low frequencies due to inhibitory influense of the gelatin substance neurons. First time in vivo results of a study of the modulating
effect of the interneuron pool on the motoneuron apparatus of the spinal cord in acute hypoestrogenemia will help to understand
the pathophysiological mechanisms of impaired sensitivity, motor activity and seizures that are part of menopausal syndrome,
especially in ovarian disease.
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BIIJIUB AE®IIUATY ECTPOI'EHIB HA ®YHKINIOHYBAHHS HEHTPAJIBHOI JIAHKH
CEI'MEHTAPHOI PE@JEKTOPHOI AYIT'U

MeTto10 JaHOTO AOCIIHKEHHS Oyii0o MPpOaHai3yBaTy BIUIUB iHTEPHEHPOHHOTO MyJly CIIMHHOTO MO3KY BHACIIIIOK HecTadi
€CTPOreHiB Ha (yHKLIOHYBaHHS LIEHTPAJIbHOI JaHKU pediexropHoi ayru. JocmipkeHHs npoBomuin Ha 51 mopociomy miypi
(camuwi). [edimur ecrporeny OyB chpuuuHeHuit oapiorictepekromiero. JlopcanbHuii kopiHenp LS5 cnuHHOro MO3Ky
CTUMYJIFOBaBCS OJJMHOYHUMH 1 TAPHUMU NPAMOKYTHUMH iMITyJIbcaMu. Peakiito peecTpyBanu Ha JOPCaNbHiil HOBEPXHi CHMHHOTO
MO3Ky Ta BEHTPAJbHOMY KOpIiHII Ha TOMY > piBHI. 3araibHUM edekToM Ae(inuTy eCTpOTeHIB € MiABUINCHHS 30yAIMBOCTI
MOTOHEHPOHIB CIIMHHOTO MO3KY, aKTUBHOCTI iHTEpHEHPOHHOTO MyJly, IPUIHIYCHHS Hepenadi HepBOBUX IMITYJIbCIB Ha HU3bKHX
YacToTaxX 3a paxXyHOK raJibMiBHOTO BIUIHBY 300Ky HEHpOHIB jKeJIaTHMHO3HOI cyOcraHmii. Briepme orpumani in vivo pesynsrati
JOCTI/DKCHHS. MOJYJIIOI0YOr0 BIUIMBY IIyJly IHTCPHEHpOHIB Ha MOTOHCHPOHHHH amapar CIHHHOTO MO3KY IIpH TOCTpii
rimoecTporeHeMii JOMOMOXYTh 3p03yMiTH NMaTodi3ioNoriydi MexaHi3MH HOPYIICHHS Yy TIMBOCTI, PyXOBOI aKTHBHOCTI Ta CYIOM,

1110 € YACTHHOIO KJIIMaKTEPUUHOTO CHHIPOMY, OCOOIMBO IPU 3aXBOPIOBAHHSX S€YHHKIB.
Kiro4oBi ciioBa: MeHomnay3a, eCTpOreH, CIIMHHUI MO30K, IHTepHEHPOH, MOTOHEHPOH.

The study is a fragment of the research project “Mechanisms of compensatory-adaptive reactions of the central and
peripheral nervous system in normal and altered conditions”, state registration No 0119U100957.

The well-known modeling effect of female sex hormones on the central nervous system [3, 7] is
realized through the activation of nuclear estrogen receptors a and  (Era/p). It is known that nociceptive
transmission may be facilitated by blocking ERa with a methylpiperidine-pyrazole selective antagonist
(MPP). It has also been shown that in the dorsal horns of the spinal cord of animals ERa is involved in the
modulation of pain Ad and C afferent transmission [12]. Studies have shown that ERa is particularly
pronounced in the I, II and IV plates of the gray matter of the dorsal horn of the spinal cord, and is most
common in the lower lumbar and sacral segments [11]. It is also known that the use of methylpiperidino-
pyrazole dose-dependent increases the frequency of spontaneous emergence of excitatory postsynaptic
potentials in neurons of gelatinous substance [12]. However, not only sensory but also motor systems of
the spinal cord are exposed to interneuronic chains.

The purpose of the study was to analyze the influence of the activity of the interneuronal pool of
the spinal cord due to the lack of estrogens on the functioning of the central link of the segmental somatic
reflex arc.

Materials and methods. Studies were performed on 52 mature Wistar rats aged 6—8 months,
weighing 180-240 g, from “Dali-2001” PC (Kyiv, Ukraine). All the rats were divided into 2 groups. The
first group — intact animals (n=25), the second group — animals with experimental menopause (n=27).
Menopause was induced by a minimally invasive ovariohysterectomy through midline laparotomy. The
control group of animals underwent midline laparotomy. Both group were kept under standard vivarium
conditions with a 12-h/12-h light/dark cycle and a controlled temperature of 20+2 °C on a standard diet for
120 days before they were taken into an acute experiment [1]. After the experiment was over, the rats were
devitalized.
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To verify the menopause model, microscopic cytological examination of the vaginal smears was performed
120 days after the surgical procedure (Gill GW, 2015), and plasma level of 17B-estradiol was measured
selectively using automated elecrochemiluminiscence immunoassay method (ECLIA).

Under general thiopental sodium anesthesia (Sigma, USA, 50 mg/kg), laminectomy and autopsy
of the dura mater of spinal cord were performed. Spinal cord was crossed at the level of Th12-L.1 segments
and filled with vaseline.

To eliminate the manifestations of spinal shock, the animal was kept for 3 hours at 36°-37°C [1].
The dorsal spine of L5 was stimulated by bipolar electrodes with rectangular single pulses of 0.3 ms
duration and an amplitude of 1 to 5 thresholds (T), as well as paired stimuli with an application interval of
2 to 1000 ms. The potential of the dorsal surface of the spinal cord (PDSSC) was registered in the focus of
maximum activity with a monopolar silver ball electrode, and the reference electrode was placed on the
muscles of the lower limb [2]. The monosynaptic induced response of motoneurons (the monosynaptic
discharges of the ventral root -MDVR) was recorded at the proximal area of the ventral root. Standard
electrophysiological equipment was used for stimulation. The registration was carried out using an analog-
to-digital converter and a personal computer. The threshold, chronaxy, duration of the latent period (LP),
and the total duration of the induced response and its components were studied. The statistical processing
of the study materials was carried out using biometric analysis methods implemented in license packages
EXCEL-2003® and STATISTICA 6.1 (StatSoft Inc., Serial No. AGAR909E415822FA). To process the
results, we used the computation of the indicators of visibility in percent, the average arithmetic error and
the error of the mean (M+m). Probability was estimated using parametric statistics methods (Student’s t-
test). Changes in the indices were considered reliable at p <0.05. All the xperimental procedures were
carried out in accordance with the European Council Directive of the Council of Communities of November
24, 1986 (86/609/EEC).

Results of the study and their discussion. For analysis of peculiarities of interneuron and
motoneuron pulls activity in spinal cord under estrogen deficiency, we studied parameters of excitability
and characteristics of evoked responses. For PDSSC amplitude and duration of its components were
analyzed also. The study was conducted in comparison with value of analogous parameters in control
group. In the control group of animals, the threshold for the occurrence of PDSSC, which was assessed on
the appearance of AP, was 0.71£0.09 pA (n=13). In the group of animals with experimental menopause,
this indicator was significantly increased by 100 % (1.42+0.21 pA, n=16, p<0.001). Chronaxy did not
change reliably. LP of the incidence of PDSSC in the control group was 0.17+£0.017 ms (n=13), whereas in
terms of animals with experimental menopause it was increased to 194.12 % (0.33£0.02 ms, n=13,
p<0.001).

Analysis of the amplitude of PDSSC components in terms of animals with EM showed a significant
increase in the amplitude of N1, N2, N3 components and P-wave (table 1).

Table 1
Amplitude of PDSSC components under EM conditions, M+m
Amplitude Control Animals with EM Difference

AP 2.01£0.07 mV (n=13) 2.06+0.17 mV (n=13) 1%
Ni-component 2.07+£0.08 mV (n=13) 2.28+0.06 mV (n=13)* 10 %
N2- component 2.03+£0.06 mV (n=13) 2.27+£0.06 mV (n=13)* 12 %
N3- component 0.58+0.06 mV (n=13) 0.86+0.04 mV (n=13)** 48 %
P-wave 0.57+0.04 mV (n=13) 0.75+0.06 mV (n=13)* 31 %

Note: level of probability * — p<0.05; ** — p<0.01.

The amplitude of afferent peak, demonstrating electrical activity of afferent nerve fibers and
neurons of dorsal root ganglions, as well as duration of PDSSC components, has not undergone any
significant changes.

To study the changes in presynaptic inhibition, paired stimuli with a different interval between
stimuli from 1 ms to 1 s were applied. At intervals from 2 to 3 ms, a significant (p<0.01) increase in
amplitude of N1 component was observed (fig. 1).

Applying stimulation with value of interstimulus intervals from 6 to 30 ms demonstrated inhibition
of N1 component of the second PDSSC (p<0.01). The change of second response amplitude in other
intervals between stimuli was unreliable.

Monosynaptic responses of the ventral roots of the spinal cord are an indicator of the activity of
the motoneuron apparatus and synaptic transmission. The threshold of their occurrence in animals with EM
decreased to 54.17+19.8 % (p<0.05, n=10) in comparison with the control group of animals. Absolute
values were 1.30+£0.26 pA and 2.40+0.35 pA (n=11) respectively. Chronaxy in the EM group increased in
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comparison with the control by 7.24+1.38 % (p<0.05, n=10) (97.50+1.35 ps and 90.91£2.59 ps (n=11)
respectively). Shortening of LP and increase in the amplitude of the induced responses in EM conditions
were also revealed (table 2).

Table 2
Parameters of monosynaptic discharges of the ventral root of the spinal cord under
the conditions of experimental menopause, M+m
Parameters Control Animals with EM Difference
LP 0.8940.035 ms (n=11) 0.76+0.02 ms (n=10)* 15 %
Duration 1.23£0.04 ms (n=11) 1.33£0.03 ms (n=10)* 8 %
Amplitude 1.45+£0.086 mV (n=11) 1.85£0.07 mV (n=10)** 28 %

Note: level of reliability * — p<0.05; ** — p<0.01.

When paired stimuli were applied to animals with EM, a slower recovery of the response amplitude
to the test stimulus was observed at application intervals shorter 4 ms and from 6 to 100 ms (Fig. 2). The
second response amplitude changes in other interstimulus intervals were unreliable.
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Fig. 2. Nature of inhibition of monosynaptic reflex responses of the ventralroot  Moreover, there is information, that
of the sPinal cord to the testing stir.nulus (a!mplitud.e of secqnd response in percentage ovariecto my increased mechanical
of the first one). 1 — control group; 2 — animals with experimental menopause. Level . R .
of reliability: * p<0.05, ** — p<0.01, *** — p<0.001 compared with the control group. Paln  sensitivity and 17B-estradiol
Level 17B-estradiol was sharply decreased in comparison with the animals of the replacement restored it to basal levels
control group (< 5 pg/ml (n=5) and 210.6 + 32.66 pg/ml (n=6)). in mice [7]. Besides, It is postulated
that plasma membrane calcium ATPase 2 (PMCA?2) is essential for adequate ERa signaling in the female
and that impaired ERa signaling in the female mice with genotype PMCA2+/- hinders the analgesic effects
of E2 leading to increased sensitivity to mechanical stimuli [7], which means increase in electrical activity
of segmental interneurons.

Increase in the amplitude of the P-wave in animals with estrogen deficiency indicates an increase
in the activity of neurons of gelatinous substance [2] due to the alleviation of the exciting synaptic
transmission under the conditions of reduced inhibitory effect of estrogens. The same effect was observed
during the selective ERa antagonist (MPP) applying [12].
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Inhibition of the second induced response at intervals between stimuli of 6 — 100 ms can be
considered to include the presynaptic inhibition of interneurons IV plate of the gray matter [4], including
on the part of the gelatinous substance, whose neurons are mainly involved in the formation of P wave [2]
and increase the frequency of background impulse in the absence of estrogenic action [9, 11].
Correspondence of the interval from 6 to 100 ms of the duration of positive component of the first PDSSC
(114.14£1.78 ms), amplitude of which in the experimental group was significantly increased in comparison
with the control, proves it as well.

The reason for a significant increase in the amplitude of N1 component of the second PDSSC at
intervals of 2 ms and 3 ms can be explained by synaptic potentiation, and the absence of inhibition at these
intervals is explained by the inertia of the dorsal horn braking system due to the presence of a synaptic
delay in the interneuron synaptic junctions [8].

Decrease in the threshold of MDVR occurrence can be explained by a shift in the activation
potential of the sodium channels of the membrane in such a way that lower depolarization levels are
required to generate normal sodium flow [6] due to the decreased calcium level in the blood [10]. The
decrease in LP duration, primarily due to the synaptic component, may depend upon the accelerated release
of the mediator due to the increase in the intracellular concentration of calcium ions in the neurons of the
spinal ganglia under the conditions of estrogen deficiency [9]. Intracellular calcium stimulates synthesis of
a retrograde messenger (nitric oxide) which increases the ejection of the glutamate mediator from the
presynaptic ending [8], which may explain the increase in the amplitude of the MDVR.

Slower recovery of the response amplitude to the test stimulus may be due to an increase in
presynaptic inhibition in the interneurons of the spinal cord dorsal horn in the 6 ms—100 ms interval, which
may contribute to a decrease in segmental motor efferentation while explaining the decrease in the
amplitude of the second induced MDVR at the indicated interstitial intervals.

D0 Kssss )7

The overall effects of the long-term estrogen deficiency are next:

1. An increase in the excitability of spinal cord motoneurons, the proof of which is halving the
excitability threshold (1.30+0.26 pA and 2.40+0.35 pA respectively) on the background of decrease in the
excitability of spinal cord interneurons, that was showed by significant rise of the excitability threshold
from 0.71£0.09 pA in control group to 1.42+0.21 pA in experimental animals.

2. The marked inhibition of high-frequency impulses, that was demonstrated with decrease in
amplitude of the second MDVR during pair stimulation at frequency more than 250 Hz, due to deepening
of the processes of presynaptic inhibition from neurons of gelatinous substance, activity of which increases
significantly at analogous values of interstimulus intervals.

3. Attenuation of middle frequency nerve impulse transmission in the structures of the spinal cord
posterior horn due presynaptic inhibition, that was displayed with decrease in amplitude of N1 component
of the second PDSSC during pair stimulation at interstimulus interval 6-30 ms

4. Attenuation of middle frequency nerve impulse transmission in the structures of the spinal cord
anterior horn due inhibitory influence of substantia gelatinoza neurons, displaying with decrease in
amplitude of the second MDVR during pair stimulation at interstimulus interval 6-30 ms, that coincides
with duration of P-component of PDSSC.

The prospect of further research is the study the possibility of pharmacological correction of detected changes, mainly
with the assistance of non-hormonal drugs.
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INFLUENCE OF BEHAVIORAL PHENOTYPING ON THE DEVELOPMENT
OF PATHOLOGICAL CHANGES IN THE SALIVAL GLANDS OF RATS AGAINST
THE BACKGROUND OF OBESITY AND STRESS

e-mail: neporadaks @gmail.com

Pathological changes in rat salivary glands depending on behavioral phenotyping were analyzed in a model of glutamate-
induced obesity and the combined effects of obesity and stress. The study found that under conditions of modeling immobilization
stress and the combined effects of obesity and stress, probable changes in the concentrations of thiobarbituric acid reactants,
oxidative modified proteins and catalase in the salivary glands of stress-resistant and non-stress-resistant rats compared to controls.
A probable difference between the studied parameters in the salivary glands is observed between rats with different stress resistance
only in the content of thiobarbituric acid reactants. Thus, under conditions of glutamate-induced obesity and chronic stress in the
salivary glands of rats with different behavioral phenotyping, a significant increase in the number of thiobarbituric acid reactants,
an increase in oxidative modified proteins and a decrease in catalase activity, indicating a decrease in antioxidant system activity.

Key words: stress resistance, oxidative stress, sodium glutamate.
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BIIJIMB TIOBEJAITHKOBOI'O ®EHOTUITYBAHHS HA PO3BUTOK ITATOJIOTTYHUX 3MIH
Y CJIMHHUX 3AJIO3AX HIYPIB HA TJII O’)KUPIHHSA TA CTPECY

Ha mopzeni riryramMaT-iHyKOBaHOTO OKHPIHHS Ta HOEJHAHOI [if 0XKUPIHHS 1 CTpecy MpoaHaIi30BaHi MaTOJIOTiYHI 3MiHI
y CIMHHUX 3aJ103aX IYpiB B 3aJIeKHOCTI BiJl NOBEAIHKOBOro (heHOTHIYBaHHS. JIOCIiPKEHHS BUSBHIIO, 1110 32 YMOB MOJICJIFOBAHHS
iMMOOLTI3aifHOTO CTpecy Ta CHONy4YeHOi Jil OXKHpIHHA 1 cTpecy Oyyu BUSBIEHI BipOTiIHI 3MIHM KOHIIEHTpALiil pEaKTaHTIB
Tio0apOIiTypoBOi KUCIOTH, OKHUCHO-MOAM(IKOBaHMX OUIKIB Ta KaTala3d y CIMHHHX 3aJ03aX IIypiB CTPECOCTiiiKoro Ta
CTPECOHECTIMKOTO TUILy MOPIBHSIHO 3 KOHTpOJIeM. BiporigHa pi3HUIS MiX JOCITIKyBaHUMH MOKa3HUKAMH y CIMHHHX 3aJ103aX
CIIOCTEpIraeThesl MDK PI3HUMH 3a CTPECOCTIHKICTIO IypaMH JIMIIE 3a BMICTOM peakTaHTiB Tio0apOiTypoBoi kucioTd. Takum
YHHOM, 32 YMOB TJIyTaMaT-iHIyKOBAaHOTO OXXHPIiHHS Ta XPOHIYHOTO CTPECY y CIMHHHX 3aJI03aX IIypiB 3 Pi3HUM MOBEIIHKOBHM
(eHOTUITYBaHHSM BH3HAYCHO IOCTOBIpHE 3POCTAaHHS KINIBKOCTI PEaKTaHTIB Tio0AapOITypOBOi KHCIOTH, MiJBHILUCHHS BMICTY
OKHCHO-MOAN(IKOBaHUX OIIKIB i 3HIDKEHHS aKTHBHOCTI KaTalasH, IIO CBIAYMTH NPO 3HIKEHHS aKTUBHOCTI aHTHOKCHIAHTHOL

CHCTEMH Ta PO3BHTOK OKCHAATHBHOTO CTPECY.
KurouoBi ciioBa: crpecoctiiikictb, OKCHIATHBHHIN CTpeC, MIyTaMaT HaTpilo.

The study is a fragment of the research project “Features of pathological changes development in the digestive system
under different conditions and the development of methods for their correction”, state registration No. 0120U100502.

The World Health Organization and other international organizations consider obesity a pandemic
of this century. Obesity plays a crucial pathophysiological role in the development of insulin resistance,
dyslipidemia and hypertension, which leads to type 2 diabetes and increased risk of cardiovascular disease,
obstructive sleep apnea, osteoarthropathy and others [7, 8, 11].

New accents of the classical concept of stress, which were proposed at the end of the last century
by Sudakov K.V. argue that the basis of stress syndrome in addition to non-specific mechanisms of its
implementation are specific systemic hormonal and tissue mechanisms. In the works of most researchers
analyzing the various manifestations of stress syndrome are used, as a rule, averaged physiological and
biochemical parameters without taking into account the individual typological characteristics
of the body.

However, back in 1992 Simonov P.V. proved that stress is an indicator of individual-typological
differences. Fedorenko Y.V., Grzegotski M.R. [6] note that the formation of adaptive reactions of the body
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