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Abstract. A balance between neural excitation and inhibition (E-I balance) is pivotal for nor-
mal cognitive functioning and is disturbed in neuropsychiatric disorders. Gamma oscillations
(30-120 Hz) induced in the visual cortex by moving gratings arise through an interaction of
excitatory and inhibitory neurons and are sensitive to the E-I balance. It has been suggested
that suppression of the gamma response power caused by increasing the velocity of visual
motion (‘gamma suppression slope’, GSS) can help to assess the E-I balance in neurologi-
cal disorders (Orekhova et al., 2018a; Orekhova et al., 2018b). However, it is still unknown
whether normal fluctuations of excitatory and inhibitory neurotransmission — such as those
observed during a healthy menstrual cycle — also affect the GSS. To answer this question,
we examined visual gamma oscillations in 18 healthy females during the follicular and lu-
teal phases of their menstrual cycles, using magnetoencephalography. We found that gam-
ma frequency and amplitude were higher in the luteal than in the follicular phase, which
suggests their sensitivity to cyclic changes in excitation and inhibition. The GSS, however,
remained stable, suggesting stability of the E-I balance in healthy women. Our results have
implications for research in disorders characterized by abnormal cyclic fluctuations of the
E-I balance, including premenstrual dysphoric disorder and catamenial epilepsy.

Keywords: excitation-inhibition balance, menstrual cycle, progesterone, magnetoencepha-
lography, MEG, gamma rhythm

The excitation-inhibition balance (E-I balance) is an important charactgristic
of healthy brain functioning and development (Gatto et al,, 2010) and its d|stuT-
bance is thought to contribute to many neuropsychiatric disorders, such as epi-
lepsy, autism, and schizophrenia (Dehghani et al., 2016; Foss-Feig gt al,, 2017).
Detection of the E-l imbalance at early age may assist early djagnostncs (Uzunova
etal, 2015) and provide important information for clinical trials. _

Up to date, the only accurate way to measuré the neural E-I balance is to esl-l
timate firing rate of the excitatory and inhibitory neurons directly .throug_h c':1e :
recordings. This method is widely used in animals, but is it not applicable In {i.ln
Mans. There is an urgent need for noninvasive biomarkers of the E-| balanccleec_
Man (Levin & Nelson, 2015), which attracted attention of researchers to €
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Figure 1. Progesterone (PRO) and estradiol (EST) blood levels during menstrual cycle.

tro-magnetic (MEG/EEG) oscillations in high-frequency range (30 to 120 Hz, gam-
ma) as potentially useful biomarkers of this balance (e.g. Orekhova et al., 2018a).

Gamma oscillations arise through synchronizing influence of inhibitory GA-
BA-ergic interneurons on excitatory pyramidal neurons through GABA, receptors
(Whittington et al., 1995) and properties of these oscillations can help to noninva-
sively estimate requlation of the E-| balance in neural networks. There is however
NO agreement on what gamma parameters would be most informative to charac-
Ferize the E-I balance. The previous findings of our group suggest that changes
'N gamma response power caused by intensive visual input provide most useful

informat@on in this respect, while power or frequency parameters alone are |ess
informative (Orekhova

et al, 2018a; Orekhova et al,, 2018b). It has been previ-
ously found that gamm

| _ ha a response power is nonlinearly modulated by intensity of
visual input: it Initially

. Increases with increasing velocity of moving visual grat”
'ng and then decreases with yet faster visual motion. We found that the reduced
suppression of gamma

HESSIC response with increasin i igh-contrast visual
gratings (i.e. reduced g g velocity of high

i aMmmMma suppression slope — GSS) is associated with senso”
ry hypersensitivity and may characterize reduced capacity of inhibitory neurons to

dow?(;r:gutate neural excitation in response to increasing excitatory input-
coans tppky the GSS Parameter to characterize the E-| balance it would be |mh
0 kKnow whether this characteristic js individually stable or changés wit
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normal fluctuations in inhibi'Fory and excitatory neurotransmission, as those ob-
served in healthy women during menstrual cycle.

Changes in concentration of estrogen and progesterone hormones during
phases of the menstrual cycle (fig. 1) affect excitatory and inhibitory neurotrans-
mission in @ complex way (Backstrom et al., 2011). In particular, allopregnano-
lone — the major progesterone metabolite and an allosteric modulator of GABA,
receptor — increases during luteal phase and potentiates inhibitory neurotrans-
mission. There was only one study that investigated how changes in neuroste-
roids concentration during menstrual cycle affect parameters of visual gamma
oscillations (Sumner et al., 2018). These authors recorded visual gamma in wom-
en during early follicular and mid-luteal phases of the menstrual cycle and found
increase of gamma peak frequency in luteal phase compared with follicular one.

Our primary aim in the present study was to investigate whether our puta-
tive measure of the E-l balance — gamma suppression slope (GSS) — is affected
by stage on the menstrual cycle in healthy women. Besides, we thought to verify
results of Sumner et al,, 2018 using magnetoencephalography (MEG), the meth-
od that has higher sensitivity to fast oscillations than the EEG does (Muthuku-

maraswamy & Singh, 2013) and that is less affected by muscle artifacts (Hipp,
Siegel, 2013).

Method

18 females (age: 18 -40 years, M=29.2, SD=6.65) with regular menstrual cy-
cle took part in our experiment. Their estradiol and progesterone blood level var-
ied in normal range in both follicular and luteal phases. Our participants were
observed in follicular (1-5 days) and luteal (20 - 25 days) phases of menstrual cy-
cle. Phase affiliation was confirmed by blood tests performed by INVITRO compa-
ny, underwent by every participant in the morning before an experiment.

In experimental task we measured visually-induced gamma activity. The vi-
Syal stimulus was a large (18 x 18 degrees of visual angle) 100 % contrast circular
SIne wave grating, that either remained static or contracted toward the central fix-
ation point. This kind of stimulation has been previously shown to induce strong
g9amma activity in V1 area (Hoogenboom et al., 2006). Here we used 4 contraction
w_?locities: static stimulus (0 °/s), slow velocity (1.2 °/s), medium velocity (3.6 °/s),
high velocity (6.0 °/s).

Experimental procedure for this study was previously tested in our labora-
tO.ry (see fig. 2; Orekhova et al., 2018a). For data preprocessing and processing
With sensor-level analysis we used MNE-python toolbox. The spectral power in
Prestimulus (-09to 0 sec) and stimulation (0.3 to 1.2 sec) intervals has been
:VGIUateq using multitaper analysis. Normalized spectrum was obtained for ev-
rry velocity (VO, V1, V2, V3) for further estimation of gamma power amplitude and

€Quency at 3 peak. For every participant and phase we calculated the GSS based

g?r't;]e Normalized gamma spectra for V1, V2 and V3 velocities, as previously de-
'bed (Orekhova et al, 2018a)
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Figure 2. Experimental design. Arrows show direction of ‘main stimulus’ contraction.

Results

Visual motion induced strong and reliable gamma activation in visual corteX
in all participants. Gamma peak frequency increases with the velocity grqwth fel;
gardless of the phase of the menstrual cycle (paired t-test, all p< .05). This resl;
corresponds to previous findings (Orekhova et al., 2018a; Orekhova et al, 2013 Z]
In accordance with these earlier studies, we observed that increase of contracti©

n
velocity resulted in bell-shaped changes of gamma response power. we fou

A ; ired t-test
that gamma peak frequency significantly increases In luteal phase (Pa."ed;_rank
all p<.05) and gamma power amplitude increases (VO, V2; Wilcoxon signé gy in

test, all p<.05) or tends to increase (V1, Wilcoxon signed-rank test,_élll Po<n i.n .
luteal phase of the menstrual cycle, too. Next, we compared GSS-estlmat'St 0>5)
teal and follicular phases and found no significant difference (paired t-t€st

uzal
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' Discussion and conclusions

Using MEG we observed in healthy women fluctuations in peak frequency of
gamma oscillation, similar to those described by Sumner et al,, 2018 using EEG.
- Specifically, the gamma frequency increased during luteal as compared with fol-
licular phase. These frequency changes were paralleled by changes in gamma
- power: the power was higher in the luteal than in the follicular phase. Together
these findings point to higher excitation of both excitatory and inhibitory visual
' cortical neurons in the luteal than in the follicular phase. Although counterintu-
itive, these phasic changes may be explained by paradoxical effects of allopreg-
" nanolone (Backstrom et al., 2011).

: Most importantly, we found that despite the phase-related changes of gamma

frequency and amplitude, modulation of the gamma response power (i.e. GSS) by
'~ velocity of visual motion remained stable across phases. Considering our previous
. findings pointing to the GSS as a possible biomarker of the E-I balance, this result
suggests that despite cyclic changes in neurotransmission during menstrual cycle,
" the neural excitation and inhibition in healthy women remained well-balanced.

Our findings have important implications for studies in cyclic disorders relat-
" ed to the phase of menstrual cycle, such as catamenial epilepsy and premenstrual
- dysphoric disorder (Halbreich et al., 2003; Herzog, 2016). It has been suggested
that women suffering these disorders may have abnormal neural responses to
changes in neurosteroids concentration during menstrual cycle (Backstrom et al,,
2011). Examination of cyclic changes in parameters of gamma brain waves may
help to unravel neural mechanisms of these abnormalities and potentially facil-
itate development of treatments aimed to improve life quality of life in women

suffering these disorders.
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Annotauma. OnTMManbHOe COOTHOLWEHME BO36Y>AEHUS U TOPMOXEHU
FONOBHOr0 MO3ra He06X0AUMO ANS NOAAEPXKAHUNA KOTHUTUBHbIX (DYHKLWH, B TO B
PYLWeHMA 3TOro 6anaHca accouMmMpoBaHbI C MHOTMMM NCUXHYECKMMU 3aboneBan
ocuunnaumm (30 - 120 l'u), BbI3BaHHbIE B 3pUTENBHOI KOPE ABMXYLLMMCA CTUMYNO OHa"
BO3HMKAIOT BCEACTBME B3aMMOAEICTBUS MeXay BO36YXAaoWUMU U T°pM°3Hb'MM e e
MU W 4yBCTBUTENbHDI K 6anaHCy Mexay Bo36yxaeHUEeM U TOPMOXKEHUEM. Wccneposahn CHIKE"
PYNNbl NOKa3anu, 4o yBenuyeHue CKOPOCTU ABMKEHUS CTUMYNa-peweTku gbi3blBAET )
HWe MOWHOCTH raMMa (CMI), a Takxke, uto CMI MoxeT Mcnonb3oBaTbest ANs O jicraM¥
WeHUA Mexay Bo3OyXaeHueM U TOPMOXEHUEM Yy NauneHToB C pa3nuuHbIMM paccIp annar’
(Orekhova et al., 2018a; Orekhova et al., 2018b). B 70 xe BpeMs, OCTAETCA HeACHbIM:
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AW Ha 3TOT Nokasatens KonebaHWa B aKTUBHOCTU BO3OYXKAAIOWMX U TOPMO3HbIX Hernpomeam-
aTOPHbIX CUCTEM, KaK TO HAabNIOAAETCS NPU HOPMANbHOM MEHCTPYANbHOM LMKNE Y KEHLWMH.
Yro6bl NPOBEPUTD 3TO, Mbl PETUCTPUPOBANW 3PUTENIbHYIO raMMa-akTMBHOCTb y 18 300poBbIX
XEHWMHH B GONNUKYNAPHON U NIOTEanbHOU Basax MEHCTPYanbHOro LMKNa C NOMOLLbK Mar-
HuToaHuedanorpaduu (M3M). Mbl 06HapyXunu, 4To YacToTa M aMNIMTyAa ramMma OCUMANA-
uun 6binK Bblwe B NKOTEanbHOU dase No cpaBHEHUIO C GONNUKYNAPHOW, YTO npeanonaraet
YyBCTBUTENBHOCTb FaMMa-akTUBHOCTU K (a3e MeHCTpyanbHoro uukna. OgHako nokasarenb
CMr octanca Heu3MeHHbIM B 06enx da3ax, 4To npeanonaraeT COXpaHHOCTb BanaHca Mexay
8036yAE€HWEM U TOPMOXEHWEM Y 300POBbIX XeHWwuH. [lposeaeHHOe UccnenosBaHue uMeer
npunoxexue B 0bnactm nccnenosaHun 3abonesaHum, CBA3aHHbIX C NATONOMMYECKUMU LUKNN-

YeCckMMKU n3MeHeHuaMu B 6anaHce Mexay Bo3byxaeHMeM u TopMoXeHueM (NpeaMeHCTpyans-
Hoe auchopuyeckoe pacCTPOUCTBO, KaTaMEHHUANbHAA INUNENCHUS).

Kntouesble cnosa: 6anaHc Bo30YXAEHUA U TOPMOXKEHUS, MEHCTPYaNbHbIA LKA, NPOrecTepoH,
marHurtosHuedanorpadums, M3l ramma-puT™
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