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Lienb: M3yunTb BAMAHME MOLENMPOBAHHOM JENPEeCccum, He CBA3AHHOW CO CTPECCOM, Ha rMMNoTanamo-runodusapHo-HanoYeyHnKosyto cuctemy (MHC)
Y MblLLe.

Matepuan u MmeToabl: SKCreprMeHTbl NpoBeaeHbl Ha 24 Mbiwax nopoabl C57BL/6 Becom 20-25 r, pa3aenéHHbIX Ha 2 rpynnbl: SKCNepUMeHTaIbHas
rpynna BKAtOYaNa }KMBOTHbIX, KOTOPbIM MPOU3BOAMNOCH MOZEMPOBAHNE JeNPecCUU BBEAEHVWEM PE3EPTMHA; KOHTPOIbHOM rpynre BMeCTo pesepnu-
Ha BBOAW/IN GU3UONOTMYECKUIA PacTBOP. M0 OKOHYAHUM IKCMEPUMEHTA BbIMOJHEHbI MOBEAEHUYECKME TECTbl (OTKPbITOE Nose, NPeAnoYTeHNe caxapo-
3bl, NPUHYAMTENBHOE NNABAHWE), U3MEPEHA KOHLIEHTPALMA KOPTUKOCTEPOHA B KPOBU MeToaom ELISA, nponsseséH MMUAK-aHANN3 TMCTONOTUYECKUX
M3MeHEHWI B Hagno4YeyHuKe n Tumyce. CTatucTmyeckas obpaboTka AaHHbIX NPOBOAMAACL C NPUMEHEHWEM nporpammbl SPSS 27.0.1; pasanuuns cum-
Tanucb 3Ha4Mmbimu npm p<0,05.

Pe3ynbTathl: y }KMUBOTHbIX I3KCNEPUMEHTANIbHOW TPYNMbl MO CPABHEHMIO C KUBOTHBIMU KOHTPONbHOM rPYMMbl OTMEYEH CTAaTUCTUYECKM 3HAUMMO bonee
BbICOKMIA YpOBEHb KOPTUKOCTEPOHA B Kposw (p<0,01), 3HauMMble M3MeHEHUA NOBEeAEHUsA B TeCTe OTKPbITOe nosie (MporaeHHOe PaccTofHWUe, Kou-
YEeCTBO BEPTUKaNbHbIX CTOEK, KonnyecTBo bontocos, p<0,01), cHUxeHWe npeanouTeHus caxaposbl (p<0.01) 1 cokpalleHue akTMBHOM dasbl B TecTe
NpUHyauUTENbHOTO NnaBaHusa (p<0,01). Kpome Toro, y mMblilei 3KCMEPUMEHTaNbHOW FPyNMbl N0 CPAaBHEHWUIO C KOHTPOIbHOM rpynnoii obHapyeHo
CTaTUCTMYECKM 3HAUMMOe YBeNNYEHWE YAENbHOM MOWaAM CeTYaTOM 30Hbl KOpbl Hagmo4euHnKoB (p<0,05), a TakKe NoWazmM COHMMOLMTOB U UX
A4ep B Heil (p<0,05). B TUMyCe }KMBOTHbIX 3KCMEPUMEHTANbHOM rPyMbl N0 CPABHEHWIO C KOHTPOIbHOM rPYNmnoi OTMEYEHO CTAaTUCTUYECKU 3HAYMMOE
YyMeHbLUEHME KOPKOBO-MO3T0BOro COOTHoLeHMA (p<0,01); a TakKe yBeNUYEHME yAENbHOW NAOLWAAN MaKpoharos, 3axXBaTMBLLMX aNoONTO3HbIE TE/bLA
(p<0,01), no cpaBHEHWMIO C KOHTPONBbHbIMU }KUBOTHBIMU.

3aKntoueHne: MoLeIMPOBaHHAA AeNpeccus y Mbllel, He CBA3aHHaA Co CTPeccom, MybuHa KOTopoi oueHMBanach NoBeAeHYECKUMU peakLuuamm,
BbI3bIBasa akTMBaLymio MHC, npoABAAtoLLYOCA NOBbILLEHMEM YPOBHA KOPTUKOCTEPOHA, TMNEepniasuneit ceT4aTon 30Hbl KOPbl HaZMOYEYHUKOB, TUnep-
Tpodueit COHTMOLUTOB U X AAEP B HEW, A TaKKE MUKPOCKOMUYECKMMU U3SMEHEHUAMM B TUMYCE, CBUAETENbCTBYIOLLMMU 06 acCOLUMMPOBAHHON UM-
MyHocynpeccuu. Takum ob6pa3om, uccnesoBaHne NOKas3ano, Yto, HapAZy C XOPOLLO U3BECTHbIM GeHOMEHOM Pa3BUTUA Aenpeccua Ha GOHEe XPOHMYe-
CKOTO CTPecc-accoLyMpOBaHHOTO MOBbIWeHUA akTUBHOCTU TTHC, nMmeeT mecTo 06paTHbI MexaHU3M, NPUBOAALLMIA K akTBaLmu MHC npu passutum
[lenpeccuu, He CBA3aHHOM CO CTPECCOM, KOTOPbI HEOBXOAMMO YUUTLIBATb NPU BbIPAabOTKE HOBbIX MOAXOLOB K IEUEHUIO Aenpeccum.

Kniouesble cnosa: denpeccus, 2unomanamo-2unogpu3apHo-HadnoyeyHUKO8AA CUCMEMA, KOPMUKOCMEPOH, UMMYHHAA CUCMeMa, MblWU.
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Objective: To study the effect of modelled depression not associated with stress on the hypothalamic-pituitary-adrenal system (HPAS) in mice.
Methods: The experiment was conducted on the twenty-four C57BL/6 mice weighing 20-25 g, divided into two groups: an experimental one, involving
animals with reserpine-induced depression, and a control one, the animals of which were administered normal saline instead of reserpine solution. At
the end of the experiment, behavioral tests were performed (open field, sucrose preference, forced swimming), and the corticosterone concentration
in blood was measured using ELISA. Image analysis of histological changes in the adrenal gland and thymus was performed. All results were statistically
processed using SPSS 27.0.1 software, with p<0.05 indicating the significance of differences.

Results: Animals of the experimental group showed a significantly higher level of corticosterone in the blood (p<0.01), significant changes in behavior
in the open field test (distance traveled, rearing, frequency of urination and defecation, p<0.01), reduced sucrose preference (p<0.01) and shortened
duration of the active phase in the forced swimming test (p<0.01) than the animals of the control group. Besides, in the mice of the experimental group,
a significant increase in the volume density of the zona fasciculata of the adrenal cortex was found (p<0.05), as well as the area of its spongiocytes and
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their nuclei (p<0.05). In the thymus of the experimental animals, a significant decrease in the cortex-medulla ratio was noted (p<0.05); and an increase
in the volume density of tingible body macrophages (p<0.05) compared to the control group of mice.

Conclusion: Modelled depression, not associated with stress, the depth of which was assessed by behavioral tests, caused activation of the HPAS,
manifested by increased corticosterone levels, hyperplasia of the zona fasciculata of the adrenal cortex, hypertrophy of its spongiocytes and their nuclei,
as well as changes in the thymus, indicating associated immunosuppression. Thus, the study showed that, along with the well-known phenomenon
of the development of depression against the background of chronic stress-associated activation of HPAS, there is an inverse mechanism leading to
activation of the HPAS during the development of depression not associated with stress, which must be taken into account when developing the new

strategies of treating depression.
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BBEAEHME

[Jenpeccus — Hambonee pacnpocTpaHEHHOe HapyLleHWe ncu-
XMYecKoro 340poBbA [1], M pocT eé pacnpocTpaHEHHOCTH ABNAETCA
HacTopaxkueatowwyM. Tak, B 1990 roay oHa 6bina obHapyxeHa y 172
MJTH YenoBeK, a B 2017 roay —y 258 M/H, TO eCTb YBeIYeHMne cocTa-
Buno 49,86% [2]. MaHaemmsa COVID-19 yxyalumnna noaoxKeHue aen ¢
[AenpeccuBHbIMU paccTpoitcTBamu B mupe. Mo aaHHbim BO3 [3], co-
rnacHo uccnegosaHuam Institute of Health Metrics and Evaluation.
Global Health Data Exchange (GHDx), no coctosHuto Ha 4 mapTa
2023 roaa evi cTpagaet 3,8% HaceneHus, B Tom yucne 5% B3pocibix
nofent. Bo BcEm mupe oT genpeccun cTpagaet nopagka 280 muna-
NIMOHOB YenoBek [4, 5]. OaHaKko 3dpdeKTMBHOE NeyeHne aenpeccuu,
Mo-NPEXHEMY, OCTaéTCA HepelEHHOW 3adadyeil CoBpeMeHHOW me-
AnunHbl [6]. TpebyeTca BcemepHO yaydlwatb NPodUNaKTURY U fe-
YyeHuWe genpeccun, OgHaKo 3Ta 3aZaya He BbiNosHUMa 6e3 nyywero
MOHMMaHUA eé MexaHW3MOB.

B natodmsmnonornm genpeccuu, runotanamo-rmnodusapHo-Hasa-
nodyeyHnkosan ocb (IMMHO) nNpuU3HAETCA OCHOBHLIM CBA3YHOLLMM 3Be-
HOM MeXy HECKONBbKMMM UHAYLMPYIOLLMMU MOMEHTAMM, TAKMMM KaK
AVNCOYHKLMOHANbHBIV HeMporeHes v HapyLleHne HermpoTPaHCMMCCUN,
a TaKKe MMMYHOMIOTMYECKMe U SHAOKPUHHBIE dakTopbl [7-10]. CocTo-
AHne ITHO aBnAeTca KPUTUYHBIM ANA NOAAEPHaAHMA NCUXMYECKOTro U
du3nyeckoro 350poBbA. MHOrOUUCIEHHbIE SKCMEPUMEHTBI NMOKa3anu,
4TO MOAENMPOBAHHbIN CTPecc BbI3bIBAET akTMBaumio IMHC, yto npuso-
[OUT K pasBuTMiO genpeccun. KaMHMYecKkre nccnefoBaHva nokasany,
yto ancperynauma MMHC cBsAzaHa ¢ pa3BUTMEM KaK GUBUYECKUX, TaK U
ncmMxmyeckux pacctpoincts [10-13]. OgHMM U3 3BeHbEB NaToreHesa Ae-
npeccvn y yenoseka asnaetca aucperynauma MHO, npoasneHnem Ko-
TOPOWV ABNAETCA OBHAPYKEHHAA NPU ayTOMNCKM Y NALMEHTOB C TAXKENOM
[enpeccuei rmnepnaasms ceT4aTon 30HbI Kopbl HaZno4YeuyHuKos [14].

YcTaHOBNEHO, YTO NPU CTPECCE BbIOPOC INIIOKOKOPTUKOMAOB NpK-
BOAMT K CHUMKEHMWIO YPOBHA HEMPOTPOOUYECKMX GaKTOPOB B rMMMO-
Kamne, YTo NPUBOAUT K PA3BUTUIO B HEM aTPODUUECKUX U3MEHEHUI
W Pa3BUTUIO Aenpeccuu, B To BPeMS Kak 3pdeKTBHble aHTMAenpec-
CaHTbl CNOCO6HbI NOBbICUTL YPOBEHb MOC/ELHMX B FTOSIOBHOM MO3re,
BbICTYNUTb NpomMoyTepoM  AndPepeHUMPOBKM  TMMNOKaMMaabHbIX
npeaLecTBEHHUKOB M HOPMaNM30BaTb MOHOAMMHIEPTUYECKYIO CU-
HanTuyeckyto TpaHcmucento [10]. OaHaKo, Kak BAUSAET cama Aenpec-
cuA Ha [THO, ocTaétca HeM3yYeHHbIM.

LLENb UCCNEQOBAHMUA

M3yunTb BAMAHME MOAEMPOBAHHOMN AENpPeccuu, He CBA3aHHOM
CO CTPECCOM, Ha rMMNOTaNamMo-TUNOGHU3aPHO-HALNOYEYHMKOBYIO CU-
ctemy (ITHC) y mblwwei.
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INTRODUCTION

Depression is the most common mental problem worldwide
[1], and its fast spread is threatening. The number of incident cas-
es of depression worldwide increased from 172 million in 1990
to 258 million in 2017, comprising an increase of 49.86% [2]. The
emergence of the COVID-19 pandemic has even more exacerbat-
ed specific determinants of depressive disorders. According to
WHO, based on the data obtained from the Institute of Health
Metrics and Evaluation. Global Health Data Exchange (GHDx) [3]
by March 4, 2023, the overall prevalence of depression reached
3.8%, while in adults, it comprised 5%. Currently, over 280 million
people suffer from depression [4, 5]. So far, the effective treat-
ment of depression remains to be an unresolved problem [6].
Better prevention and treatment strategies are required to con-
trol the spread of this disorder, but this task is impossible without
a better understanding of its pathogenesis.

In the pathophysiology of depression, the hypothalamic-pitu-
itary-adrenal axis (HPAA) is recognized as a major neurobiological
link between its inducing factors, such as dysfunctional neurogen-
esis and neurotransmission, immunological and endocrine factors
[7-10]. The condition of the HPAA is critical for maintaining mental
and physical health. Experimental research showed that in mod-
elled stress, activation of HPAA results in the development of de-
pression. Clinical investigations demonstrated that dysregulation of
the HPAA has been linked to several mental and physical disorders
[10-13]. Activation of the HPAA is considered one of the links to
the pathogenesis of depression in humans, as confirmed by the au-
topsy finding of hyperplasia of the zona fasciculata of the adrenal
cortex in patients with heavy depression [14].

In stress, glucocorticoid signaling reduces the level of neuro-
trophic factors, such as brain-derived neurotrophic factor (BDNF),
in the hippocampus, resulting in its atrophic changes and the de-
velopment of depression. Effective antidepressants increase the
level of BDNF in the brain, promote differentiation of hippocampal
progenitors, and alter monoaminergic synaptic transmission [10],
but it remains unclear how depression itself affects HPAA.

PURPOSE OF THE STUDY

To study the effect of modelled depression not associated
with stress on the HPAS in mice.

METHODS

Twenty-four C57BL/6 mice weighing 20-25 g were involved
in the study. They were housed with 3-4 mice per cage, 12-hour
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MATEPUAN U METOAbI

B aKkcnepumeHTe wucnonb3oBanu 24 MblM-Camua NOPOAbI
C57BL/6 Becom 20-25 r; OHM COAEPMANNUCh B CTAHAAPTHbIX KIETKax
no 3-4 0cobu B KoM, B yCNoBMAX 12-4acoBOro UMKNa AeHb/HOUb
npyu KOMHaTHOM TemnepaTtype. KuBOTHble umenn goctyn ad libitum
K CTaHZ,APTHbIN KOPMY [/15 TPbI3YHOB M BOZONPOBOAHOW Boae. Mepes
HaYya/ioM 3KCMEPUMEHTA OHM NPOLWIM FabUTYyaUMIO K CTaHAAPTHbIM
ycnosuam BuBapus. MPOTOKON 3KCNepUMEHTa 0406pPEH MHCTUTYLW-
OHa/lbHbIM 3TUYeckum Komwutetom (UNIMAS/AEC/R/F07/060). Hu-
BOTHble ObINM pa3geneHbl Ha 2 rpynnbl, MO 12 }KMBOTHbIX B KaXKAO0W:
| rpynna — KOHTPO/IbHasA, OHa BKAKOYANA XMBOTHbIX, KOTOPbIM NOA-
KOKHO €XXeHeBHO BBOAWMU du3Monormieckuii pacteop; |l rpynna —
3KCNEepPUMEHTa/IbHasA, B HEE BK/IHOYA/IUC KMBOTHbBIE, Y KOTOPbIX MO-
ZenvpoBanach genpeccus [15]; OHW exxeIHEBHO NONYYAIN UHBEKLUM
pacTeopa pesepnuHa B Ao3e 1 mr/Kr seca.

B KOHLe 3KcnepumeHTa NPOM3BOAUANC NOBEAEHYECKME TECTbI
[ONA OLEHKM ryBuHbI MoaennpoBaHHOM genpeccun. OHKM BKAKOYAIM
TECT «OTKPbITOE Nose» C UCMoMb3oBaHWeM mogenu Panlab Harvard
pasmepom [45 (wmpmHa) x 45 (aamHa) x 40 (Bbicota)] ¢ USB umndpo-
BOI KaMepoi 1 nporpaMmmHbiM obecnedeHmem SMART 3.0 BugeoTpe-
KuHr (Barcelona, Spain), 4nsa oueHKu NPOMAEHHOTO PacCTOAHMA, KONU-
YecTBa 3aHMX CTOEK, FPYMMHIa, MOYEUCNyCKaHua 1 aedpekaumm [16,
17]; a TaK:Ke TecTa NpeanoyTeHna caxaposbl [18]; U NpUHYANUTENBHOTO
nnasaHua [15, 17]. KoHUEHTpauma KOPTUKOCTEPOHA B KPOBU OLLEHM-
Baslacb ¢ nomoLpto TecTa ELISA ¢ ncnonbzosaHnem mMuKponaaHLweT-
Horo cumnTbiBaTens (SpectraMax iD3, USA). Mo 3aBepLueHnn nocneaHe-
ro NOBEAEHYECKOrO TECTA Y KMUBOTHbIX 3abMpPanu KPOBb U3 XBOCTOBOM
BEHbl ¥ MOMeLLann eé B renapuvHUM3MpoBaHHyl0 Npobupky. Mocne
LEeHTPUOYrMpoBaHMSA NPOBOAUAN UMMYHODEPMEHTHbIM aHasU3 cy-
nepHaTaHTa ¢ NpUMeHeHneM Habopa PeakTMBOB A/18 OMpeaeneHus
KOHLLEHTPALMMU KOPTUKOCTEPOHA B COOTBETCTBMM C PEKOMEHAALMAMM
Npon3BOAUTENA.

Mocne 3TOro KMBOTHbIX YMEPTBAAIN MOCPELCTBOM AeKanuTa-
Umu. V13BneKanu neBblit HAAMNOYEYHUK U TUMYC ANS UX MUKPOCKOMU-
YECKOW OLEHKM. MMCToNOrMYEeCcKMe NpenapaTbl, OKpaLleHHble reMaTo-
KMCMHOM-303MHOM, NPOCMATPMBAN B MUKpOCKone Zeiss Primostar 3,
(Jena, Germany). UMua-aHanm3 NpoBOAUAM C NPUMEHEHUEM NPO-
rpammHoro obecnedenms Image Pro+ 7.0 (Media Cybernetics, USA). B
Kope HaZnoYeyHMKa OLEHMBANN YAEbHYHO NAOLWAAb MyYKOBOM 30HbI
W pa3mepbl CMOHTMOUMTOB U WX A4ep. B TMmyce oLeHMBann KOopKo-
BO-MO3rOBO€ COOTHOLLEHME W YAENbHYIO MAoWaAb Makpodaros, 3a-
XBaTUBLLMX anoNTO3Hble TeNbLA.

Bce nonyyeHHble pesysbTaTbl 06pabaTbiBaaM CTAaTUCTUYECKM C UC-
nosib30oBaHneM nporpammel SPSS 27.0.1; ncnonb3osanca ogHOda3HbIN
[AMCNEPCUOHHDBIM aHanm3 ANOVA ¢ npumeHeHnem Kputepusa Tbioku;
ONA UMUOK-aHaN3a MUCTONOTMYECKMX NPEenapaToB NPUMEHANCA t-Kpu-
Tepuit CTbIOLEHTA, PA3NNYMA CYMTANUCL CTAaTUCTUYECKM 3HAUYMMbIMM
npw p<0,05.

PE3YNbTATbI

AHann3 ropu30HTaNbHOW AKTUBHOCTW KMBOTHbLIX B TecTe OT-
KpbITOE MoJie NOKa3as, YTo Y KMBOTHbIX Il rpynmnbl OHa NPaKTUYECKK
orpaHuyeHa nepudepuyeckoi YacTbio apeHbl. Obpasel, TpaekTopum
[BUKEHUIN KMBOTHBIX 3KCMEPUMEHTANIbHOM WM KOHTPONBHOW Tpynn
npeAcTaBneHsl Ha puc. 1.

Pa3nnuma napameTpoB TeCTa OTKPbITOE MOJE» Y MMBOTHbIX
pasHbIX rpynn NPOAEMOHCTPUPOBaHbI Ha pUC. 2.

Kak cnepyet u3 puc. 2, y *KMBOTHbIX SKCNEPUMEHTA/IbHON rpyn-
Mbl OTMEYaNOCh CTAaTUCTUYECKM 3HAUMMOE CHUMKEHWE MPONAEHHOMO

light, and dark cycles, and at room temperature. Standard tap
water and standard rodent chow were available ad libitum. Be-
fore the experiment, the animals were habituated to various han-
dling procedures. The study design was approved by the UNIMAS
Animal Ethics Committee (UNIMAS/AEC/R/F07/060). Animals
were divided into two groups, with 12 mice per group. Group 1
(control) included mice receiving s.c. injections of normal saline.
Group 2 (experimental) involved animals with modeled depres-
sion [15], they received s.c. injections of the reserpine solution at
a dose of 1 mg/kg.

Behavioral tests were performed at the end of the exper-
iment to assess the severity of depression. They included an
open field [45 (W) x 45 (D) x 40 (H) cm] test (Panlab Harvard
with USB digital camera and SMART 3.0 video tracking software,
Barcelona, Spain) with the distance walked, rearing, defecation
and urination frequencies evaluated [16, 17]; sucrose preference
test [18]; and a forced swimming test [15, 17]. The corticosterone
concentration in blood was measured by ELISA assay using a mi-
croplate reader (SpectraMax iD3, USA). After the last behavioral
test was completed, test, blood from the tail vein was sampled
and placed into a heparinized tube. Samples were centrifuged,
and the supernatants were tested by an enzyme-linked immuno-
sorbent assay (ELISA) kit for corticosterone, following the manu-
facturer’s protocol.

After that, the animals were sacrificed by decapitation. Ad-
renal glands and thymus were sampled for microscopic examina-
tion. The histological slides were stained with hemotoxylin-eo-
sin and viewed under the microscope Zeiss Primostar 3 (Jena,
Germany). Image analysis was performed using Image Pro+ 7.0
software (Media Cybernetics, USA). In the adrenal gland, the vol-
ume density of the zona fasciculata in the cortex and the area of
spongiocytes and their nuclei were assessed. In the thymus cor-
tico-medullary ratio and the volume density of the tingible body
macrophages were evaluated.

All results were statistically processed using SPSS 27.0.1
software; one-way ANOVA dispersion analysis was applied with
Tukey’s test used; for the image analysis of histological slides Stu-
dent’s t-test was applied with p<0.05, indicating the significance
of differences.

RESULTS

Analysis of the mice's horizontal activity in the open field
test showed that in the experimental animals, it was confined to
the peripheral part of the field. Fig. 1 shows an example of the
itinerary travelled by the experimental and control animals.

As follows from Fig. 2, the distance traveled, and the rearing
was significantly reduced in the experimental animals compared
to the control mice. At the same time, the urination/defecation
rate was meaningfully less in the control animals (p<0.01).

The results of the forced swimming test are shown in Fig. 3.

As shown in the Fig. 3, the duration of the active phase
(“swimming” and “struggling”) was significantly shorter in exper-
imental animals compared to the control ones, while “floating”
was meaningfully shorter in the control mice (p<0.01).

Sucrose preference was shown to be significantly reduced in
the experimental animals compared to the control mice (p<0.01)
(Fig. 4).

ELISA test showed that the level of serum corticosterone
was significantly higher in the experimental animals compared to
the control mice (p<0.01) (Fig. 4).
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Fig. 2 Behavioral test results of the experimental and control animals
in the open field. ** — p<0.01 compared with a control group

paccroanus (p<0,01), KonnyecTsa 3agHUx cToek (p<0,01), B To Bpems
KaK Konnyectso 60/10CoB 3HaUMMO yBennumeanocs (p<0,01) no cpas-
HEHWUIO C XKMBOTHBIMW KOHTPO/IbHOM pynnbl.

Pe3ynbTathl TECTa NPUHYAUTENBHOMO NAaBaHUA NPEACTaB/EHbI
Ha puc. 3.

Kak cneayet 13 puc. 3, NpoOAOIKUTENbHOCTb aKTUBHOMO Nepu-
o/ (nepuog «niaBaHUA» U «KCONPOTUBNEHUAY) BblNa CTAaTUCTUYECKU
3HAUYMMO HUKE Y KMBOTHBIX SKCNIEPUMEHTAIbHOW FPYNMbl N0 CPaBHe-
HUIO C }KMBOTHbBIMM KOHTPO/IbHOW rPYNMbl; B TO BPEMA KaK Nepuos, «3a-
BUCAHUAY Y HWX Bbl 3HaYMMO NpogomkuTensHee (p<0,01).

MpennoyteHne caxapo3bl 3HAYMMO CHUMKANOCb Y KMBOTHbIX
3KCMEPUMEHTA/IbHOM rPYNMbl MO CPABHEHMIO C KOHTPOJ/IbHOM rpynmnoW
(p<0,01) (puc. 4).

MMMYyHObEPMEHTHBIN aHaNn3 NOKa3as, YTo YPOBEHb KOPTUKO-
CTEPOHA B KPOBW XXUBOTHbIX IKCMEPUMEHTA/IbHOM rpynmbl Obi 3HaUK-
MO BbiLLE, YEM Y KMBOTHbIX KOHTPO/IbHOM rpynnbi (p<0,01) (puc. 4).

Ha ructonormyeckmx npenapaTtax HaAMOYEYHUKOB KMBOTHbIX
KOHTPO/IbHOM TPynMnbl B KOPKOBOM BELLECTBE YETKO OMNpesensnnch
TPpW 30HbI: KNYO6OUKOBaA, My4yKoBas M ceTyatas (puc. 5a). Knybouko-
Bas 30Ha MMe/1a HaVMEHbLLYIO TOLLMHY, B Hell OTHOCUTENbHO Mef-
KME KNETKU LMAMHAPWUYECKOW MAM MUpamuzanbHoii dopmbl obpa-
30BbIBa/IM OBOMAHbIE KAAacTepbl. B OKPymbIX MAKM OBasbHbIX AApax
onpezensamcb AApbIWKK. NyykoBas 30Ha MMena Hanbonbluyto TOSI-
LUMHY, KNETKM B HEM OTNINYA/JIUCL CBET/ION MEHUCTOW LMTOMNNA3MOM,
OblM cobpaHbl B TAXKM TONLLMHON B OAWH WA ABa pAja KNeTok. B
KPYMHbIX CBET/IbIX AAPaX OTMEeYanuch 1-2 AApbIIKa; HapAdy € KneT-
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Puc. 3 PacnpedesnieHue akmusHocmu 8 mecme npuHyoOuUMmMesbHo20

NAABaHUA Y IKCNEPUMEHMATBHBIX U KOHMPOsbHBIX UBOMHbIX 00

u nocne modenuposaHua denpeccuu. ** — p<0,01 npu cpagHeHuU ¢

KoHmMposeHol epynnol

Fig. 3 Distribution of the activities of the experimental and control

animals in the forced swimming test before and after the experiment.
* —p<0.01 compared with a control group

On the histological slides of the adrenal gland of the con-
trol animals, three zones were clearly defined in the cortex: zonae
glomerulosa, fasciculata and reticularis (Fig. 5a). The zona glo-
merulosa was the thinnest out of the three; its relatively small
cells of a cylindrical or pyramidal shape formed ovoid clusters.
Round or oval nuclei usually contained nucleoli. The zona fas-
ciculata was the widest in the adrenal cortex; its cells contained
light foamy cytoplasm and formed the cords one or two cell rows
thick. The nuclei of spongiocytes were large, light, and contained
one or two nucleoli. Though dominated by the cells with light cy-
toplasm, zona fasciculata displayed a small number of cells with
dark cytoplasm. Cells of the zona reticularis were smaller in size
and had a light eosinophilic cytoplasm, which sharply contrasted
with the weakly basophilic cytoplasm of the cells in the adrenal
medulla.

In animals of the experimental group, the microscopic
picture of zonae glomerulosa and reticularis did not differ sig-
nificantly from the control group. At the same time, the zona
fasciculata was hyperplastic, its cells were larger in size, the cy-
toplasm was foamier, and adenocytes with dark cytoplasm were
scarce (Fig. 5b).

In the histological slides of the thymus in the control group,
the cortical layer in the lobules distinctly dominated over the me-
dulla with prominent cortico-medullary demarcation (Fig. 5c).
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KamMu CO CBET/ION LIMTOMNMA3MOMN HepeLKo BCTPEYANNCh afieHOLMTLI C
60n1ee TEMHOI LIMTONNA3MON. KNeTkn ceTyaToil 30HbI Obin MeHbLLe
o pasmepam v OTAIMYaNUCh HONbLLEN CTENEHBIO 303UHODUINM LUTO-
M71a3Mbl, KOTOPas PE3KO KOHTPACTMPOBasa C KeTkamu co ciabo 6aso-
bUNbHOI LUTONNIA3MOI B MO3rOBOM BELLECTBE HAZLMOYEYHMKA. Y K-
BOTHbIX 3KCMEPUMEHTa/IbHOW TPpynMbl K1YyOOYKOBaA M ceTyaTas 30HbI
Ma/o OTNIMYAUCH OT KOHTPOJIbHOM rPynMbl, B TO BPEMS KaK My4KoBas
30Ha bblla T’MNepnaasvMpoBaHa, KNETKM eé Bblin KpyrnHee No pasme-
pam, NEHUCTOCTb LiMToNNa3mbl bbi1a 3HAaUUTENbHO BoNee BbIpaXKeHa,
Hasn4mne afleHoLMTOB C TEMHOW LMTON/Ia3Moii Bbl10 He XapaKTepHo.
OTHOCUTE/IbHBIV 06BEM NYYKOBOW 30HbI YBEMYMBANCA, INABHLIM 06-
pa3om, 33 CYET PETUKYAPHON 30HbI (puc. 5b).

Ha npenapaTax TMMyca y KOHTPO/IbHOW rpynmnbl UMENo MecTo
OTYéTIMBOE NpeobiafilaHe KOPKOBOTO C/0A HaZ MO3rOBbIM, rpaHu-
LA MeXay Cnosmu YETKO KOHTypupoBanach (puc. 5¢). Kopkosoe Be-

ng/ml

Puc. 4 YposeHb KOpmMUKOCMEPOHA 8 Kpo8uU U
npednoYmeHus caxapo3sl Y KOHMPOsbHLIX U
3KCNepUMeHManbHbIX YUBOMHbIX NOCAe MOOesU-
posaHus denpeccuu. ** — p<0,01 npu cpasHeHUU ¢
KoHmMpossHol epynnoli

Fig. 4 Serum corticosterone and sucrose preference
level in experimental and control animals after
depression modelling. ** — p<0.01 compared with a
control group
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The cortex was densely packed with thymocytes; between them,
the epithelial cells were identified near the capsule, deep in the
cortex and at the border with the medulla. The tingible body
macrophages were scarce throughout the cortex. A few Hassall
corpuscles were detected in the medulla; in general, its cellularity
was lower than in the cortex; its epithelial cells were identified at
the border with the cortex and deeper in the medulla.

The micromorphology of the thymus of experimental ani-
mals revealed significant changes compared to the control mice
(Fig. 5d): the thickness of the cortex was reduced, cellularity of
the cortex was decreased, and it obtained a “starry-sky” appear-
ance due to the increased number of macrophages with ingested
apoptotic bodies. The border between the cortex and the medul-
la in the lobules looked less prominent, and the number of Has-
sall’s corpuscles increased.

Puc. 5 HadnoyeyHuk (5a, b) u mumyc (5¢, d) KoHmMposnbHeix (5a, ¢) u 3KkcnepumeHmansHeix (5b, d) usomHeix. Mukpogomoepaguu. Okpacka
2eMamokcunuHom-303uHom. Obvekmue x40. C— kancyna, G — zona glomerulosa, F — zona fasciculata, R — zona reticularis, M — mo32080e geuje-
cmeo, Co — cortex, cmpesnKku — Makpogazu, 3axeamusuiue anonmo3sHele messyd

Fig. 5 Adrenal gland (5a, b) and thymus (5c¢, d) of the control (5a, c¢) and experimental (5b, d) animals. Micrographs. Hematoxylin-eosin staining.
x40. C—capsule, G — zona glomerulosa, F — zona fasciculata, R — zona reticularis, M — medulla, Co — cortex, arrows — tingible body macrophages
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LLLEeCTBO ObINI0 NOTHO 3aN0HEHO NMMOOUAHBIMU KNETKAMU, MEXKAIY
KOTOPbIMW ONpeaenanncb aNUTeNnanbHble KAETKM OKOO Kancynbl, B
TO/ILLE KOPKOBOrO BELLECTBA M Ha FPaHMLLE C MO3rOBbIM BELLECTBOM.
Konunyectso makpodaros no Bcemy KOPKOBOMY BELLECTBY HE BEINKO,
KapTMHA «3BE34HOro Heba» He BbiparKeHa. B mo3roBom BeluecTse
onpeaenanncb HEMHOroYMCNEHHbIe TenbLa [accans, B Le0M KneTou-
HOCTb ero 6bina HUKe, YeM B KOPKOBOM BELLECTBE, SMUTENNA/NbHbIE
KNETKM B HEM ONpeaenannch Ha rpaHuLLe C KOPKOBbLIM BELLECTBOM U B
TO/ILLE MO3roBOro BelecTBa. MnKpomopdonorns TMMyca *KMBOTHbIX
9KCMEePUMEHTANbHOM TPYNMbl UMENa CyLecTBEHHble OTMuMA (puc.
5d): ymeHbLUeHMe TO/LLMHbI KOPKOBOIO BELLECTBA, CHUNKEHME B HEM
KNETOYHOCTM M NosABAEHME KapTUHbI «3BE3QHOMO Heba» 3a CYET yBe-
IMYEHUA KONMYECTBA MaKpodaros, 3aXBaTMBLUMX anNONTO3HbIE TeNbLA.
Mimeno mecto HeKOTopoe pa3mblBaHWE FPaHMLbl MEXAY KOPKOBbLIM U
MO3roBbIM BELLECTBOM, YBE/JIMYEHUE YACTOTbl BCTPEYAEMOCTU Tenel,
laccans.

[aHHble UMUAXK aHaNU3a rMCTONOTMYECKUX NpenapaTos npea-
CTaB/eHbl Ha puc. 6, 7.

KaKk cneayet us puc. 6, y *KMBOTHbIX SKCMEPUMEHTAIbHOM rpyn-
bl UMENIO MECTO 3HaYMMOE YBEIMYEHME YAENbHOW NAOLLAAM NYYKO-
BOW 30HbI KOPbI HaANoYeYHMKOB (p<0,05), a TaK*Ke NJoLWaamn CNOHI-
oumuToB U KX Aaep (p<0,05), No CpPaBHEHMIO C KOHTPOLHOW TPYMMOVA.
B TMMyce y 3KCnepMMeHTaNbHbIX *KMBOTHbIX OTMEYaNoCb 3HAYMMO
MeHbLLEee KOPKOBO-MO3rOBOE COOTHOWEHWE M Bonbluas yaenbHan
naowaab Makpodaros, 3axBaTuBLUMX arnonTo3Hble Tesbla (p<0,05)
(puc. 7).

OBCYXAEHUE

CnoxHble koppenaummn mexay coctoaHmem NMHO 1 nosepeHve-
CKUMM pPeaKLIMAMM MOKa eLLE OCTatoTCA ManonoHATHbIMK [19]. Mpose-
[EHHOe MccneaoBaHMe NoKasano, YTo NpUMeHEHHaA pesepnvHoBan
mogenb [15] BbI3biBana y aKCNepUMEHTabHbBIX XKUBOTHbIX 3HAYUTENb-
Hble U3MEHEHUA MOBeAEHYECKUX PeaKLui, CBUAETENbCTBYHOLME O
Pa3BUTUM Y HUX JEenpeccumn: 3HAYMMOE YrHeTEHUE Kak rOpU30HTab-
HOW, TaK M BEPTUKANbHOM aKTUBHOCTU, y4YalLEeHWe MOYEUCNyCKaHUA
1 aedekauuu, CHUXKEHWe NPeAnouTeHMA Caxapo3bl U yAJMHeHUue
HeaKTUBHOW da3bl B TecTe GOPCMPOBAHHOIO NaBaHUA. ITU U3MeEHe-

Puc. 6 YoenvHasa niowads cemyamoli 30Hsl (ZF, %), nnowads cnox-
auouumos (SS, Mkm?) u ux adep (SN, Mkm?) 8 Kope HadnoYeuyHuUKo8
IKCNePUMEHMAsTbHbIX U KOHMPOSbHbIX #UBOMHbIX, M+m. * — p<0,05
npu cpasHeHuUU ¢ KOHMpPosbHol epynnoli

Fig. 6 Volume density of the zona fasciculata (ZF, %), area of
spongiocytes (SS, mecm?), and their nuclei (SN, mcm?) in the adrenal
cortex of the experimental and control animals, M#m. * — p<0.05
compared with a control group
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The image analysis results of histological slides of the adre-
nal gland and the thymus are shown in Fig. 6, 7.

As follows from Fig. 6, the animals of the experimental
group had a significantly larger volume density of the zona fascic-
ulata in the adrenal cortex (p<0.05), as well as the area of spon-
giocytes and their nuclei (p<0.05), compared with the control
group. The thymus of experimental animals had a significantly
lower cortico-medullary ratio and a larger volume density of tin-
gible body macrophages (p<0.05) (Fig. 7).

DISCUSSION

The complicated correlations between the level of the ac-
tivity of the HPAA and the behavioral reactions remain poorly
understood [19]. Our study showed that the reserpine model of
depression [15] caused significant behavioral changes in the ex-
perimental animals, indicating the development of depression,
such as significant inhibition of horizontal and vertical activities,
increased frequency of urination and defecation, decreased pref-
erence for sucrose and the extended passive phase in a forced
swimming test. At the same time, the microscopic picture of the
thymus indicated the development of immunosuppressive chang-
es in the body (decreased cortico-medullary ratio in the thymus,
decreased cellularity of the thymic cortex, increased volume
density of tingible body macrophages with ingested apoptotic
bodies). Similar changes have been described in the immune and
endocrine systems of experimental animals under chronic stress
[20, 21], which leads to activation of the HPAA and is accompa-
nied by the development of a depressive type of behavior. How-
ever, our target was to find out how depression not associated
with stress history affects the HPAA.

Though numerous papers demonstrate that depression-as-
sociated activation of HPAA, none of these works provide evi-
dence that depression in the presented context is not associated
with a history of stress. At the same time, in our study, the ap-
plied reserpine model of depression is free from stress exposure,
as before the start of the experiment, the animals underwent ha-
bituation. Regarding the effect of the injections themselves, the

Puc. 7 Koproso-mo3szosoe omHouweHue (CMR) u ydenbHas naouade
MaKpOohaz08, 3ax8amusLiux anonmo3sHsle mensya (TBM, %), mumyca
3KCNEePUMEHMAsbHbIX U KOHMPOsIbHbIX #UueomHsix, M#m. ** — p<0,01
Npu CpasHeHUU ¢ KOHMPOoAbHOU 2pynnoli

Fig. 7 Cortico-medullary ratio (CMR) and volume density (%) of tingible
body macrophages (TBM) in the thymus of the experimental and
control animals, Mi#m. ** — p<0.01 compared with a control group
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HWS Pa3BMBaNUCL Ha GOHE rMNepnaasnm Kopbl HaAMOYEYHUKOB (3Ha-
YMMOE yBENUYEHME YAENbHOW MAOWAAM MYYKOBOM 30HbI, NAOLLAAM
CMOHTMOLMTOB U WX AAEP), @ TaKKe MOBbILEHNS KOHLEHTPALMK Kop-
TUKOCTEPOHA B KPOBM.

OOHOBPEMEHHO B TUMYCE Hab/tOAaNUCh MMKPOCKOMMUYECKMe
M3MEHEHUA, CBUAETENLCTBYOWME 06 MMMYHOCYNPECCUBHbLIX CABM-
rax B opraHuMsme (YyMeHbLUEeHNe KOPTUKO-MO3rOBOr0 COOTHOLLEHMA B
TUMYCE, CHUMKEHWE KNETOYHOCTM KOPKOBOTO BELLECTBa, MOBbILEHWE
YAENbHOW NNoLaam Makpodaros, 3aXBaTMBLLMX anonTO3HbIe Te/bLa).
Mopo6Hble M3MEHEHUA ONUCAHbI B UMMYHHOM M SHAOKPUHHOW cucTe-
MaX 3KCNEePUMEHTA/IbHbIX XMBOTHbIX NPU XPOHUYECKOM cTpecce [20,
21], KoTopbI NPUBOAMT K akTMBaLmu IMHC 1 conpoBoXKaaeTca nsme-
HeHMeM MoBefeHNs No AenpeccusHomy Tuny. OaHako nepes Hamu
CTOANA Apyran 3aa4a: BbIACHWTb, Kak BanaAeT Ha THC cama genpeccus,
[pa3BUTHE KOTOPOW HE CBA3AHO CO CTPECCOM. B nnTepaTtype nmetoTcs pa-
60Tbl, AEMOHCTPUPYIOLLME, YTO NPY AENPECCUM MPOUCXOAUT aKTMBALMUA
ITHO, ogHaKo HX B OAHOM M3 3TUX PaboT He NpUBELEHO A0Ka3aTENbCTB
TOrO, YTO BO3HUKHOBEHWE AENPECCUM B NPEACTaBAEHHOM KOHTEKCTE He
CBA3aHO CO NepeHeCcEHHbIM CTpeccom. Mpun 3Tom B Hallem UccneaoBa-
HUM UCMONb30BAHHAA MOZENb AENPEeccUM (XPOHMYECKOe MOAKOKHOE
BBEJEHME pe3eprnimHa) OTYETIMBO CBOOOAHA OT CTPECCOPHbIX BO3AEN-
CTBUIA: Nepes, Ha4a/loM IKCNEPUMEHTA KMBOTHbIE NMPOXOANAM rabuTy-
auMIo, UYTO Ke KAcaeTca BAMAHUA CaMMUX MHbEKLMM, TO KOHTPOJIbHbIE
JKMBOTHbBIE, HE UMEIOLLME HUKAKMX NPU3HAKOB AEMNPECCUM, C TOW e,
YTO M 3KCMEPUMEHTANbHbIE KUBOTHbIE, KPAaTHOCTbIO MOMYYaIN BMECTO
pe3epnmHa MHbeKLMM GU3MON0TMYECKOro pacTBopa.

B psage paboT npoaeMoHCTMPOBaHO BAnAHKUe Ha THC genpec-
CWMW, MOAENVPOBAHHOM BBefeHMEM aunononucaxapuga (/NC), B
YaCTHOCTW, HeZlaBHee UCCAef0BaHNe NNNOMNOIMCaXapuaHOM mogenu
[enpeccun U MeToL0B €€ KOPPEKUMU aHTaNapMUHOM — aHTaroHu-
ctom CRHR1 [22]. B maHHOM MoAenu, Kak 1 B Hallem UCCAel0BaHNK,
Y KMBOTHbIX GOPMMPOBANUCL MOBELEHYECKNE PeaKLuK Aenpeccus-
HOrO TWMa, MOBbILANCA YPOBEHb KOPTUKOCTEPOHA, KOTOPblE HUBE-
IMPOBANUCL NPMEMOM aHTanapmuHa. OgHako camo BeegeHune JINC
CYUTAETCA CTPECCOPHbIM BO3AeNCTBMEM [23] U BbI3bIBAET UMMYHHbIE
CABMIY, KOTOPbIE HAKNALbIBAKOTCA HA UMMYHOCYTPECCHUBHbIE U3MEHE-
HUA, Bbl3biBaemble akTuBauuein THO, B cBA3M € Yem AaHHasA Moaenb
He NO3BO/IAET B NO/IHOM Mepe OLEHWUTb HEMPOUMMYHOIHAOKPUHHbIE
NocnesCcTBMA AEeNpPeccun, Kotopble Bblav bbl He CBA3aHbI C AENCTBU-
€M CTPEeccopoB UM UMMYHOMOAYNATOPOB. HeslaBHWeE UccaefoBaHNUA
[24] nokasann ogHO 13 BO3MOMKHbIX 3BEHbEB PA3BUTUSA AEMNPECcCUM —
yBennyeHue akcnpeccun PSD-93 y Ko-noKanm3oBaHHbIx KP®-Helpo-
HOB, KOTOPOE COMPOBOMKAAETCSA MOBbLILIEHMEM YPOBHA KOPTU30/1a U
KOTOpPOE OMucaHo y 6O/IbHBIX C AENPECcCCUBHBIMKU PAcCTPOMCTBAMM.
B nunononvcaxapuaHoi mofenu Aenpeccuu y Mbllei, ¢ HOKaay-
HOoM PSD-93 cumntombl aenpeccun ymeHblanucb. OfHaKo AaHHOe
nccaefoBaHMe He OTBEYAET Ha [MaBHbIA BOMPOC: YTO MOMKET CNYKUTb
MPWYMHOM NOBbIWEHHOM 3Kcnpeccun PSD-93 y BonbHbIX C Aenpec-
CMBHbBIMW PacCTPOMCTBAMM, ABASETCA W AENPECCUS Y 3TUX BONbHbIX
CTPecc-accoLMMpPOBaHHOM?

Hawwm pesynbTaThl COrNAcyOTCA C AaHHbIMK aBTOPOB, KOTOpbIE
0bHapyum aktueaumio MMHC npu genpeccuu, BbI3BaHHOM TMNOTU-
pPOMAM3MOM, Pa3BMUBLLEMCA B pe3y/bTaTe reMU-TUPEOUAHON 3dNekK-
TpoKaTeTepm3aumm. B LaHHOM MCCnef0BaHNM Y SKCMEPUMEHTANbHBIX
KMBOTHbIX OTMEYaIUCb U NOBEAEHYECKME U3MEHEHNA (B TecTax pop-
CMPOBAHHOIO NMaBaHWA M NOABELIMBAHWA 3a XBOCT), XapaKTepHble
AnAa genpeccun (Kpome NpPeanoYTeHMs caxaposbl), U BbipaxKeHHas -
nepTpodMA HaAMNOYEYHMKOB C 0BHApYKeHMeM BO/IbLIOTO KoAMYecTBa
NMNUIHBIX BaKYONEN B CETYATOM 30HE KX Kopbl [25]. OaHaKo B AaHHOM
MOZENN Aenpeccun, B NPOTUBOMNONOKHOCTb HALLei MoAenu, cTpec-
COPHbIN KOMMOHEHT HE MOXKET ObITb NMOMHOCTLIO UCKNHOYEH.

control animals also received injections of normal saline instead
of reserpine but did not have any signs of depression. Several
studies have demonstrated the effect of depression modeled by
the administration of lipopolysaccharide (LPS) on the HPAA, in
particular a recent study of the LPS model of depression and its
correction with antalarmin, a CRHR1 antagonist [22]. In this mod-
el, as in our study, the experimental animals showed increased
corticosterone levels and developed behavioral reactions of de-
pressive type, which subsided after treatment with antalarmin.
However, the administration of LPS is considered stressor [23]. It
causes immune disorders that are superimposed on the immuno-
suppressive changes caused by HPAA activation. Therefore, this
model does not allow due evaluation of the neuroimmunoen-
docrine consequences of depression not associated with stress-
ors or immunomodulators. Recent studies [24] have shown one
of the possible links in the development of depression — an in-
crease in the expression of PSD-93 in co-localized CRF-neurons,
which is accompanied by a surge of cortisol and has been found
in patients with depressive disorders. In an LPS mouse model of
depression, PSD-93 knockdown reduced depressive symptoms.
However, this study does not answer the central question: what
factors can cause increased expression of PSD-93 in patients with
depressive disorders, and whether depression in these patients is
stress-related?

Our results are consistent with the data of the authors [25],
who found activation of the HPAA in depression caused by hy-
pothyroidism, which developed as a result of hemi-thyroid elec-
trocauterization. In this study, experimental animals showed be-
havioral changes (in forced swimming and tail suspension tests)
characteristic of depression (except for sucrose preference), and
pronounced hypertrophy of the adrenal glands with the detec-
tion of many lipid vacuoles in the reticular zone of their cortex.
However, in this model of depression, contrary to our model, the
stress exposure cannot be completely excluded.

In a healthy body, the immune and neuroendocrine systems
function in a coordinated manner, and their dysregulation may
contribute to the pathophysiology of depression, as the latter is
accompanied by neuroinflammation and increased cortisol levels
[20]. However, other authors conclude that serum cortisol values
are not always an adequate marker of depression level, and even
if the use of antidepressants decreases cortisol values, it does
not ecessarily correspond to the level of clinical effect of the ap-
plied drugs [26]. That is why we undertook a parallel study of the
microscopic structure of the adrenal cortex, the results of which
also showed adrenal hyperplasia, accompanied by immunosup-
pressive changes in the thymus, which correlated with the results
of behavioral tests..

Regarding the microscopic structure of the adrenal cortex
in mice, the traditional understanding of its zonal pattern has re-
cently been revised. According to earlier studies, in the cortex of
mice, like in humans and other primates, there are three zones:
zonae glomerulosa, fasciculata, and reticularis [27, 28]. However,
in more recent works, including the papers of the same authors,
it was shown that the zona reticularis is not present in rodents,
which do not develop the “adrenarche” phenomenon, and there-
fore it is proposed to distinguish either two zones (zonae glomer-
ulosa and fasciculata), or three of them (zona glomerulosa, zona
fasciculata externa and interna). This conclusion was made based
on molecular biological studies showing that CYP17A1 is not ex-
pressed by adrenal cortical cells in mice and rats [29, 30]. In our
study, we adhered to the traditional understanding of the tri-zon-
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B 340poBOM OpraHM3Me UMMYHHas U HEMPO3IHAOKPUHHAA CU-
cTeMbl  OYHKLMOHUPYIOT CKOOPAMHMPOBAHHO, WM WX AWU3PErynaums
MOMKET BHOCUTb BKNaZ B NAaTOPM3MONOrMIO AeNPECCUM, MOCKONbKY No-
CNeHAA CONPOBOXAAETCA HEMPOBOCNANEHNEM M NOBbILLEHWEM YPOB-
HsA KopTu3zona [20]. BmecTe c Tem, Apyrie aBTOpbl NPUXOAAT K BbIBOAY,
YTO YPOBEHb KOPTM30/1a HE BCEraa ABNAETCA afeKBaTHbIM MapKEPOM
YPOBHA AEMNPeccuu, U Aaxe, ecav NPpUMeHeHUe aHTUAENPeCccaHToB
NPVBOAMUT K CHUXEHMIO YPOBHA KOPTMU30/1a, OHO He 06sA3aTesIbHO Co-
OTBETCTBYET YPOBHIO KAMHWUYECKOrO 3dPEKTa OT NPUMEHEHHbIX npe-
napatoB [26]. MMeHHO NO3TOMy Mbl MPEANPUHAAN NapannenbHoe
nccnefoBaHNe MUKPOCKONMMYECKOTO CTPOEHMS KOPbI HAANMOYEYHNKOB,
pe3y/nbTaTbl KOTOPOrO TaKKe MOKA3anu Haauume rmnepnnasum Kopbl
HaZNoYeYHMKOB, COMPOBOMKAAIOLLENCA MMMYHOCYNPECCUMBHBIMU U3-
MEHEHMAMM B TUMYCE, KOTOPbIE KOPPENNPOBA/IM C pe3ynbTaTaMm no-
BEAEHYECKMX TECTOB.

B OTHOLIEHUN MUKPOCKOMMYECKOTO CTPOEHWA KOPbl Hagnouey-
HMKOB Yy MbilUei, TPaAULMOHHbIE NPEACTAaBNEHUA O €€ 30Ha/bHOM
naTTepHe B NOCAefHee BpeMA NoaBepraroTca nepecmoTpy. CornacHo
6onee paHHUM UCCNef0BaHUAM B KOPKOBOM BELLECTBE MbILEN, KaK
M Y4enoBeKa M APYrvx NPYMaToB, UMEEIOTCA TPU 30HbI: KNy6O4YKOBaA,
ny4ykoBas v cetyatas [27, 28]. OgHako, B bonee no3aHux pabotax,
B TOM YMCNE TEX Ke aBTOPOB MOKA3aHO, YTO CeTYaTas 30Ha Yy rpbi3y-
HOB OTCYTCTBYET, TaK K€ Kak OTCyTCTBYeT peHOMEH «agpeHapxe», B
CBA3M C YeM NpeanaraeTcsa BblaenaTb Mbo Ase 30Hbl (K1yboukosas
M Ny4yKoBas), IMB0o Tpu (KNyboUKOBas, HapyKHaA U BHYTPEHHAN Myy-
KoBas). [laHHbIN BbIBOZ, CA€NaH HA OCHOBAHUM AAaHHbIX MONEKYNAP-
HO-6MONOTMYECKUX UCCAel0BaHMI, MOKa3aBLLKX, 4To CYP17A1 He aKc-
NPeccUpyeTca KNETKaMmM Kopbl HaZNOYEYHMKOB Y MbILIEM U KpbiC [29,
30]. B cBOEM ncCNeaoBaHUM Mbl NPUAEPHKUBANNCH TPALMLMOHHbIX
NpeACTaBNEeHUIN O TPEX3OHA/ILHOM CTPOEHMM KOPbI HaZNMOYEYHNKOB Y
MblLLEW; pe3y/bTaTbl €ro NoKa3asu, YTo runepnaasunsa Kopbl Hagnoyey-
HMKOB NPU MOLEIMPOBAHUN AENPECCUU MPOUCXOAMUT 33 CHET UMEHHO
MY4YKOBOM 30HbI (MM HAPYMKHOM MYYKOBOM 30HbI MO MPEANOKEHHOW
HOBOW KnaccuduKaLmu), B To BpeMsa KaK yaenbHas NaoLaib ceTyaToi
30HbI (MM BHYTPEHHEN MYYKOBOM 30HbI), HANPOTMB, OTHOCMTENBHO
CHUKAETCA, T.e. UIBMEHEHUA B KHAPYKHOM» U «BHYTPEHHEN» My4yKo-
BbIX 30HaX ABAAKTCA Pa3HOHAMpPaBAEHHbIMM, B CBA3N C YeM 0bbeam-
HeHMe MX B OAHY 30HY He NpeACTaBAAETCA LenecoobpasHbiM.

3AKNIOYEHUE

MoZzenvpoBaHHas Aenpeccus y MblLLei, He CBA3aHHasA Co CTpec-
com, mybuHa KOTOpOK OLieHVBaNacb NoBefeHYECKUMU peaKLmamy,
BbI3blBana akTmBaumio NMHC, NpoAaBAAIOLLYIOCA NOBbILIEHWEM YPOBHA
KOPTUKOCTEPOHA, TMnepnaasunelt CeTyaToin 30Hbl KOpbl HaAMNOYeYHH-
KOB, runepTpoduelt CNoHrMOLMTOB U UX ALEP B HEW, @ TaKXKe MUKPO-
CKOMUYECKMMU U3MEHEHUAMM B TUMYCE, CBUAETENbCTBYIOLWMX 06 ac-
COLMMPOBAHHOM MMMyHOCynpeccun. Takum 06pa3om, ucciesoBaHmne
MOKa3aso, YTO HapALy C XOPOLIO M3BECTHbIM GEeHOMEHOM Pa3BUTUA
fenpeccua Ha GOHe XPOHUYECKOTO CTPECC-acCoLMUPOBAHHOMO NOBbI-
weHwua aktneHocTu MHC, nmeeT mecTo 06paTHbIV MexaHW3M, NPUBO-
[ALWMIA K akTBaumm MMHC npu pa3suTMK AeNpeccuu, He CBA3aHHOM Co
CTPeccom, KOTopblii HEOBXOAMMO Yy4UTbIBaTb NPU BbIPabOTKE HOBbIX
NOAXOL0B K NeYeHUIo Aenpeccum.

al structure of the adrenal cortex in mice; its results showed that
hyperplasia of the adrenal cortex in modeled depression occurs
at the expense of the traditional zona fasciculata (or external
zona fasciculata according to the newly proposed classification).
In contrast, the volume density of the zona reticularis (or internal
zona fasciculata), on the contrary, is relatively decreased, i.e. the
changes in the “outer” and “inner” zona fasciculata are multidi-
rectional, and therefore combining them into one zone does not
seem appropriate.

CONCLUSION

Modeled depression in mice, not associated with stress, the
depth of which was assessed by behavioral reactions, caused ac-
tivation of the HPAA, manifested by an increase in the corticos-
terone level, hyperplasia of the zona reticularis of the adrenal
cortex, hypertrophy of its spongiocytes and their nuclei, as well
as microscopic changes in the thymus, indicating associated im-
munosuppression. Thus, the study showed that, along with the
well-known phenomenon of the development of depression
against the background of the chronic stress-associated increase
in HPAA activity, there is an inverse mechanism leading to HPAA
activation during the development of depression not associated
with stress, which must be taken into account when developing
new approaches to the treatment of depression.
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