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Oco6eHHOCTH cTpoeHuA 3nudu3a IKCIIePUMEHTAIbHBIX dKUBOTHBIX
IPU UMMYHOCTUMYJIAIUU

A.A. 3axapos, A.A. Jlukas

I'Y JIHP «JIyeaHckuil 2ocyoapcmeeHHblil MeduyuHckuil ynusepcumem um. Cesmumens Jlyku», Jlyearck, JIyeaxckas
Hapoouas Pecnybauka

AHHOTAIIHUA

BBeeHue. BrociegHee BpeMsa perucTpupyercs 60JIbIIOE KOJIMYECTBO 3a001€eBaHIH, CBA3AHHBIX ¢ HAPYIIIEHUAMU
(yHKIMOHMPOBAaHUA HEUPOSHIOKPUHHO-UMMYHHON CHCTEMBI, BBI3BAHHBIMU POCTOM IICUX03MOIMOHATIBHBIX HAIPY30K U
PEe3KUM YXyALIEHUEM DKOJIOTHIECKOH 00CTAaHOBKH. DNN(DU3 3aHUMAET [EHTPATbHOE MECTO B SHIOKPUHHON 1 UMMYHHOM
CHCTEMaX.

IHenp mccaenoBaHUs. V3yuyeHHe CTPYKTYPHBIX TPe0Opa30BaHUH snudu3a MIPU KMMYHOCTHUMYJIAIUN.
MaTepuans u MeToOJBbl . MceaernoBaHue MpoBeZieHO HA 60 KPbICAX-CaMIIaX 3PEJIOr0 BO3PACTa PETPOAYKTHB-
HOTO [IEPHO0/Ia Maccoi 240—280 1. JKUBOTHBIM SKCIIEPUMEHTAIBHOU TPYIIIHI (1 = 30) BBOJMJIM UMyHO(]aH IIATHKPATHO HA
1,7, 15, 30 U 60-€ CyTKHU B JI03€ 0.7 MKI/KI Macchl Tesa. 2KUBOTHBIE KOHTPOJIBHOM I'PYIIIEI (n = 30) HOJIydatd 0.9% p-p
NaCl B 5kBUBaJIeHTHOM 00'bEME H TI0 TOH K€ cxeMe. Y KUBOTHBIX 00€HX IPYII ONPEAEIIsIN aOCOTIOTHYIO B OTHOCUTEIb-
HyI0 Maccy anudu3a, ero 60JIBIINH U MEHBIINN AUaMETP, 00beM, a TaK}Ke KOJIMUeCTBEHHOE COOTHOIIIEHHE KJIETOK, 60JIb-
U/ MEHBIINH AUaMeTP U 00beM ITHHEAIOIUTOB, OOJIBIINMI/ MEHBITUH TUaMeTP U 00beM siiep THHEATOIUTOB.
Pe3dynbpTaThl HCCJHUEOBAaHUA. VI3MeHeHHs TapaMeTpoOB snudu3a HaOII0JAIUCh HA 15, 30 U 60-€ CyTKH
HaboaeHus. Tak, B 9KCIIEPUMEHTATIBHOU TPYIIe OOJIBIINH U MEHBIIUHA HAMETP TUHEAJONUTOB YBEJIUIUIICA Ha 3.93,
8.24, 13.15 U 7.04, 9.37, 10.54 % COOTBETCTBEHHO II0 CPABHEHHUIO C aHAJIOTUYHBIMH [TOKa3aTeJIsIMU B TPYIIe KOHTPOJIA.
AHaJIOTUYHbIE U3MEHEHUSI OTMEYAIUCh JJIs1 OOJIBIIIEr0 U MEHBIIIETo TUaMeTpa Apa, Kak MmokasaTess QyHKIMOHATbHON
AKTUBHOCTHU KJIETKH, — Ha 4.48, 7.23, 4.45 1 4.05, 7.66, 10.16 % COOTBETCTBEHHO.

3aknueHUe. IlogydeHHbIE PE3YIbTATHI TO3BOJISIOT CYAUTH 00 AaKTUBHOM PEaKIUU CO CTOPOHBI dIM(dH3a KPBIC
3PEeJIOTO BO3pAcTa B OTBET HA UMMYHOCTHUMYJIALIHIO, BBI3BAHHYIO IIPUMEHEeHHeM UMyHOMbaHa.

Kmouesste caoea: snudus, KpbIChl peIPOoIyKTUBHOTO ITepuozia, UMyHodaH, MOPHOMETPHs, UMMYHOCTUMYJIAIIVA.
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Features of the epiphysis structure of experimental animals
during immunostimulation
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ABSTRACT

Introduction. Recently, a large number of diseases associated with an impairment of the neuroendocrine-
immune system caused by an increase in psycho-emotional stress and a severe environmental deterioration has been reg-
istered. The epiphysis is central to the endocrine and immune systems.

A im . To study of structural transformations of the epiphysis during immunostimulation.
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Materials and methods. The study was carried out on 60 mature male rats of the reproductive period
weighing 240—280 g. Animals of the experimental group (n = 30) were injected with imunofan fivefold on the 1st, 7th, 15th,
3oth and 60th day at a dose of 0.7 pug/kg of body weight. Animals of the control group (n = 30) received 0.9% NacCl in an
equivalent volume and the same regimen. In animals of both groups, the absolute and relative weight of the epiphysis, its
maximal and minimal diameter, volume, as well as the cell ratio, maximal/minimal diameter and volume of pinealocytes,
the maximal/minimal diameter and volume of pinealocyte nuclei were determined.

Results. Changesin the parameters of the epiphysis were observed on the 15th, 30th, and 60th day the experiment.
So, in the experimental group, the maximal and minimal diameter of pinealocytes increased by 3.93, 8.24, 13.15 and 7.04,
9.37, 10.54%, respectively, compared with the same indicators in the control group. Similar changes were noted for the
maximal and minimal diameters of cell nuclei as an indicator of functional activity by 4.48, 7.23, 4.45 and 4.05, 7.66 and
10.16%, respectively.

Conclusion. Theresults obtained make it possible to judge the active reaction of the epiphysis of mature rats in
response to imunofan-induced immunostimulation.

Keywords: epiphysis, rats of the reproductive period, imunofan, morphometry, immunostimulation.
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BBEJAEHHNE

B mociiesHee BpeMs peructpupyercs 60JIbIIOE
KOJINYECTBO 3a00JI€BAHUH, CBA3aHHBIX C HAPYIIIEHU-
AMH  (QYHKIUOHUPOBAHUS  HEHPOIHTOKPUHHO-
MMMYHHOH CHCTEMBI, BEI3BAHHBIMH POCTOM IICHXO-
SMOITMOHAJIbHBIX HArPY30K U PE3KUM YXYAIIEHHEM
SKOJIOTUYECKOTO COCTOSIHHSI OKPY?KAIOIIeld CpeJIbl.
Ocoboe MecTO B3aHMMAIOT UMMYHOJAe(DHUIUTHBIE
COCTOSTHU S, PA3BUTHE KOTOPHIX CBA3aHO C HHTEHCHB-
HBIM BJIUSIHUEM HeOJIarOIPUATHBIX aHTPOIIOTEHHBIX
daxropos [1]. K HacrosIeMy BpeMeHU IIPOBEZEHO
HeMaJIo KJIMHUYECKUX UCCIIe/IOBAHUH 110 ATOU TEME,
O/THAKO Ppe3yJbTaThl WU3YYeHUs MOP(OIOTHUECKIX
0CcOOEHHOCTEH OpraHOB M CHUCTEM B JIAHHBIX YCJIO-
BUSIX HEMHOTOYHCJIEHHBI [2]. Duudwus 3aHuMaeT
[IEHTPAJIbHOE MECTO B DHIOKPUHHON U MMMYHHOM
cucTeMax, OJHAKO JIaHHAsA B3aWMOCBS3b H3yUeHa
HEZIOCTaTOYHO M CBEJEHUA O MOP(QOJIOTHIECKON
U3MEHUYNBOCTU OpraHa B OHTOreHe3e TPeOYIOT aKTy-
ajM3aIuu ¥ CUCTeMAaTH3auy Ha OHE HAKOIUIEHU
0OJIBIIIOTO KOJIMUECTBA HKCIIEPUMEHTAIBHBIX U KITU-
HUYECKUX AaHHbIX. Hapsmy ¢ 5TuM cBezieHUs 0 Kaue-
CTBEHHBIX M KOJIMYECTBEHHBIX M3MEHEHUSX CTpOe-
HUS OpPTaHa IPU U3MEeHEHUAX COCTOSHUS UMMYHHOM
CUCTEMBI IPAKTHYECKH OTCYTCTBYIOT B JOCTYITHOM
JIUTEpaType.

IOEJIb NCCJIEJOBAHUA

H3ydeHre CTPYKTYPHBIX MPeoOpasoBaHUU SITH-
(uza mpu UMMYHOCTUMYJIAIIAH.

MATEPUAJIBI 1 METO/IbI

OKCIEPUMEHT IMPOBOAWIICS B OCEHHE-3UMHUU
mepuos Ha 60 KpbIcax-caMIlaX 3PeJIoTo BO3pacTa

INTRODUCTION

Recently, a large number of diseases associated
with an impairment of the neuroendocrine-immune
system caused by an increase in psycho-emotional
stress and a severe environmental deterioration has
been registered. A special place is occupied by immu-
nodeficiency states, the development of which is
associated with the strong influence of unfavorable
anthropogenic factors [1]. To date, many clinical
studies were carried out on this subject but the
results of studying the morphological features of
organs and systems under these conditions are few
[2]. The epiphysis is central to the endocrine and
immune systems, however, this relationship has not
been investigated enough and the information on its
morphological variability in ontogenesis requires
updating and classification in the setting of the accu-
mulation of a large amount of experimental and clin-
ical data. Along with that, the information concern-
ing qualitative and quantitative changes in the struc-
ture of the organ with changes in the immune system
state is virtually absent in the literature.

AIM OF THE RESEARCH

To study of structural transformations of the
epiphysis during immunostimulation.

MATERIALS AND METHODS

The experiment was carried out in autumn-win-
ter period on 60 mature male rats of the reproduc-
tive period weighing 240—-280 g, obtained from the
vivarium of the St. Luka Lugansk State Medical Uni-
versity. The experimental group included 30 ani-
mals (6 for each follow-up period), the control group
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PEenpoAyKTUBHOIO IEPHOZA Maccod 240-280 T,
noyiyaeHHbIX u3 BuBapusa 'Y JIHP «Jlyranckuit
roCyJapCTBEHHBIM MeJUIIMHCKUN YHUBEPCUTET
uM. Caarurtensa Jlyku». OIKclepuMeHTaJIbHAs
TpyIIa BKJI0Yaaa 30 )KUBOTHBIX (110 6 Ha KaXKIBIH
CPOK HAOJII0ZIeHN ), aHAJIOTUYHO ObLI1a cHOpMUpO-
BaHAa KOHTDPOJIbHASA Tpymnna u3 30 Kpbic. IMMyHO-
AKTUBHOE COCTOSTHUE MOJIETUPOBAJIH IIyTEM BBeJIe-
HUSA UMyHO(MaHA BHYTPUMBIIIEUHO MATUKPATHO B
Jlo3e 0.7 MKI/Kr mMaccel Tena [1]. KuUBOTHBIE
TPYIIIBI KOHTPOJIA TosIydaiu 0.9% pactBop NaCl B
SKBUBAJIEHTHOM 00'beMe IO TOU ke cxeMe. JKuBoT-
HBIX BBIBOJWJIN U3 HKCIIEPHUMEHTA IyTEM JeKallu-
taruu noxa 3GUPHBIM HAPKO30M Ha 1, 7, 15, 30 U
60-e CyTKH HaOJIIOIEHUs B OJHO U TO K€ BpeMs
CcyTOK. 3abop opraHa OCYLIECTBJISAJICA C YIETOM
nosoxkeHuit TupextuBbl 2010/63/EU EBpormeii-
ckoro Ilapnamenta u CoBera Espomneiickoro
Cor3a, a Takke TpeOOBAaHUH M pPEKOMEHAIUH
«PyKOBO/ICTBA IO CO/IEPKAHUIO U UCIOJIb30BAHUIO
J1ab0PaTOPHBIX KUBOTHBIX» [3—5]. ¥ KpbIC U3BIIE-
KaJ 3nudU3 ¢ MOCIenyolel ero Gukcanuei B
10% pacTBOpe HEUTpaJbHOro (popMaavHa U TOJ-
Bepraju CTaHJapTHONH THUCTOJIOTUYECKON Ipo-
Bogke. Cpes3pl TOJIMIMHON 5—7 MKM OKpaIIWBaH
reMaTOKCUJIMHOM U DO3UHOM.

AGBCOJIOTHYIO MacCy OpraHa U3MepsUId C ITOMO-
B0 aHAJTUTHYECKUX BecoB BJIA-200, OTHOCUTE -
HYI0 — PAacCYUTBHIBAJIN IIyTEM OTHOIIEHUS yKa3aH-
HOTO TapaMeTpa K Macce Tesa KUBOTHOTO. O0beM
snudu3a OIpeiessiId METOI0M BBITECHEHUS BO/IBI B
rpalyipOBAaHHOM HMJIHHApPE. JIMHEHHbIe pa3Mephl
opraHa M3MepsUTH C IOMOIIBI0 aBTOMATH3UPOBAH-
HOro MopdomeTpuyeckoro komiviekca. Ha mopgo-
METPUUYECKOM YPOBHE H3YyUJINCh OOJIBIINNA U MEHB-
NN AuaMeTpbl, 00'beM KJIETKHU U AIPa, KOJIMIECTBO
CBETJIBIX ¥ TEMHBIX ITTHEAJIOIIUTOB C TOMOIIBIO aBTO-
MaTU3UPOBAHHOTO KOMILJIEKCA, BKJIFOUABIIIETO MUK-
pockonr Olympus CX41 ¢ doroaganrepoM (GUPMBI
«Apcrek» (MockBa), ¢ BO3MOKHOCTBIO ITepeHOca
MOJIy4YeHHBIX [HUMPOBBIX H300paKEeHUH B TIPO-
rpammy «Kommac-3D» («Ackon», Caukt-Ilerep-
Oypr) JJ1s OCIIEAYIOIIX MOP(QOMETPUUECKIX U3Me-
PEeHHI C UCII0/Ib30BAHNEM KATMOPOBOUYHBIX (haKIOB.
KosraecTBO OTZETPHBIX KJIETOK PACCYUTHIBATIOCH HA
CTaHJIAPTHYIO €MHUIY IUIomaau (2025 MKM?) ¢
IIOMOIIIbI0 TOTO K€ TPOTPAMMHOTO OOecleueHus.
ITonyueHHbIe JaHHBIE 06PA0ATHIBATIUCH C UCIIOJIH30-
BanueM mnporpammbl STATISTICA v.6.0 (StatSoft
Inc., USA). IIpoBepka HOPMAaJIbHOCTUA Pacipeeie-
HUS JAHHBIX MTPOBOJMIIACH C IIOMOIIBIO KPUTEPHUS
corsacud [lManupo — Yuika. JlocTOBEepHOCTh pa3Jiu-
YUH MKy MOKA3aTessIMU OIpeAessiiach ¢ IOMO-
ipio Kputepues CroiofenTa u dumepa (p < 0.05).

(n = 30) was similarly formed. The immunoactive
state was modeled by intramuscular administering
imunofan fivefold at a dose of 0.7 ug/kg of body
weight [1]. Animals of the control group received
0.9% NaCl in an equivalent volume and the same
regimen. The animals were decapitated under ether
anesthesia on the 1st, 7th, 15th, 3oth, and 6oth day
of the experiment at the same time of a day. Organ
sampling was carried out taking into account the
provisions of Directive 2010/63/EU of the European
Parliament and of the European Union Council, as
well as the appropriate requirements and recom-
mendations of Guide for the Care and Use of Labora-
tory Animals [3—5]. The epiphysis was removed
from rats with its subsequent fixation in 10% neutral
formalin and standard histological processing. Sec-
tions of 5—7 um thick were stained with hematoxylin
and eosin.

The absolute weight of the organ was measured
using a VLA-200 analytical balance, the relative
weight was calculated using the ratio of the absolute
organ weight to the body weight of an animal. The
volume of the epiphysis was determined by the
method of water displacement in a graduated cylin-
der. The linear dimensions of the organ were mea-
sured using an automated morphometric tool. With
morphometric technique, we have analyzed the max-
imal and minimal diameters, the volume of a cell and
nucleus, light and dark pinealocyte count using a
hardware and software system that included an
Olympus CX41 microscope with a photo adapter
(Arstek, Moscow), with the possibility of transferring
the digital images obtained to Compass-3D software
(Ascon, St. Petersburg) for the subsequent morpho-
metric analysis using calibration files. The number of
individual cells was calculated per standard area unit
(2025 pm?) using the same software. The data
obtained were processed using STATISTICA v.6.0
software (StatSoft Inc., USA). Checking the normal-
ity of data distribution was carried out using the Sha-
piro-Wilk test. The significance of difference between
the variables was determined using the Student’s test
and Fisher’s test (p < 0.05).

RESULTS

The structural features of the epiphysis of mature
rats in the control group, including its organometric
parameters, were described in detail earlier [6].

On light microscopy the animals of the control
groups showed changes in the studied parameters
corresponding to the age characteristics of the organ
(Table 1). Data on the experimental group of animals
treated with imunofan are presented in Table 2.
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PE3YJ/IBTATDI

OcobeHHOCTH CTpOeHUs AT (H3a TOJIOBO3PETBIX
KPBIC KOHTPOJIBHOU I'PYIIIBI, B TOM YKCJIE €r0 Opra-
HOMETPHUYECKHUE IT0Ka3aTeH, ObUTH ITOAPOOHO O~
caHbI paHee [6].

Ha cBeToonTH4ecKoM ypOBHE y KMBOTHBIX KOH-
TPOJIBHBIX TPYII OTMEUYAINCh U3MEHEHUS] U3ydeH-
HBIX ITOKa3arejiel, COOTBETCTBYIOIINE BO3PACTHBIM
ocobeHHOCTSIM opraHa (TabJ. 1). /laHHBIE IO DKCIIe-
PUMEHTAJILHON TPYyIIle >KUBOTHBIX, ITOJIYYABIIUX
uMyHodaH, IPeICTaBIeHbI B Ta0J. 2.

JlocTOoBEpHBIE OTJIUYHS 110 CPABHEHUIO C JIaH-
HBIMU KOHTPOJIBHOU T'PYIIIBI HAOJIIOIAINCH HA 15,
30 U 60-e CyTKU HAOJIIONeHUs: TaK, OOJIBIIUN U
MEHBIIUH JHaMeTpPhl KJIETKH yBEJIUYMBAIMCh Ha
3.93, 8.24, 13.15 u 7.04, 9.37, 10.54 % COOTBET-
CTBEHHO, AHAJIOTUYHbIE H3MEHEHUS OTMEeuYasInCh
JUisi OOJIBIIIET0 W MEHBINEro AuaMerpa sAapa,
Kak ImoKazaresas (YHKIUOHAJIHHON AKTUBHOCTH

Significant differences in comparison with the
data of the control group were observed on the 15th,
3oth and 60th day of the experiment: for example,
the maximal and minimal diameter of cells increased
by 3.93, 8.24, 13.15 and 7.04, 9.37, 10.54%, respec-
tively; similar changes were noted for the maximal
and minimal diameter of a cell nucleus, as an indica-
tor of functional activity of cells, by 4.48, 7.23, 4.45
and 4.05, 7.66, 10.16%, respectively. The volumetric
parameters of cells and its nuclei increased by 19.13,
20.44, 38.31 and 13.11, 24.28, 33.18% compared to
parameters of the control groups of animals. At the
same time, on the 1st and 7th day, the parameters did
not differ significantly. After the administration of
imunofan, the light pinealocyte count at the same
time points decreased significantly by 15.79, 22.28,
39.01%.

The epiphysis of experimental animals through-
out the experiment retained typical morphological

Ta6/mua 1. OpraHoMeTpHyecKre ToKasaTe M ANUdHU3a U pe3ybTaTbl MOPHOMETPHUYECKOTr0 UCC/IeJ0OBAaHUA MMHEANOLUTOB
anudur3a KUBOTHBIX KOHTPOJIbHOU IPyIIbl B pa3/IMYHble CPOKHU HabogeHus (M + m)
Table 1. Organometric parameters of the epiphysis and the results of morphometric analysis of pinealocytes in control

animals at different time points of the experiment (M + m)

Iloka3aTe b 1-e cyTKH 7-e CyTKHU 15-e cyTKH 30-e cyTku 60-e cyTKH
Parameter 1st day 7th day 15th day 30th day 60th day
Opzanomempus (3nugus) / Organometry (epiphysis)

A6contoTHast Macca, Mr 4.70 £ 0.01 4.90+0.02 4.90 £ 0.03 4.80 £ 0.04 4.90 £ 0.02
Absolute weight, mg
OTHOCUTeJIbHAs Macca, Mr/r 0.018+0,03 0.020 £ 0.02 0.020 £0.02 0.021 £0.01 0.022 £0.01
Relative weight, mg/g
06beM, Mmm? 13853620.29 + 16067264.34+ 16713899.62+ 18620653.52+ 19589636.05 *
Volume, mm? 203829.65 489922.35 357655.22 188354.65 253969.22
Bosbinii fuaMeTp, MKM 348.06 +3.11 341.04+4.57 339.07+3.54 347.05+586 342.05+6.88
Maximal diameter, pm
MeHbLIMHI AaMeTp, MKM 254.10+3.53 261.10+3.54 264.08+3.67 264.28+4.37 264.10+8.64
Minimal diameter, pm

Mopgomempus (nuneasroyumst) / Morphometry (pinealocytes)
JloJ1s1 CBETJIBIX TUHEAJTOIUTOB, % 14.61+£0.73 13.79 £ 0.61 17.81+0.34 13.16 + 0.45 11.85 + 0.64
Proportion of light pinealocytes, %
Jlo/1s1 TeMHBIX TMHEea 0L UTOB, % 85.39+0.87 86.21+0.43 82.19 + 0.46 86.84 + 0.68 88.15+1.08
Proportion of dark pinealocytes, %
Bosibinit juaMeTp KJAeTKU, MKM 2212 +0.61 21.89+0.52 28.13+0.14 30.33x0.29 3146 +£0.14
Maximal diameter of cell, pm
MeHbIIN# JUaMeTp KIeTKH, MKM 20.37 +0.28 19.48 + 0.27 22.67 £ 0.44 23.81+£0.37 26.08 + 0.49
Minimal diameter of cell, um
06beM KJIeTKH, MM? 5218.67 + 4887.41 7569.57 + 9003.05 * 11203.98 +
Volume of cell, mm3 237.52 228.23 257.22 229.57 27493
Bosibiinit fuaMeTp siipa, MKM 9.47 £ 0.08 9.67 £ 0.08 9.72 £0.11 9.94 +0.16 10.16 £ 0.15
Maximal diameter of cell nucleus, um
MeHbLINH AUAMETP SA/Ipa, MKM 7.58 £ 0.08 7.72 £ 0.04 7.74 £ 0.03 8.03 +0.05 8.12+0.14
Minimal diameter of cell nucleus, um
06bem sapa, Mm® 284.90+4.22 301.76 +2.87 304.89+1.49 335.60+0.77 350.76+0.38

Volume of cell nucleus, mm?3
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Ta6smmua 2. OpraHoMeTpUUYecKre oKa3aTe Iy 3N1UpHU3a U pe3ybTaTbl MOPHOMETPHUIECKOTI0 UCCIeJ0BAaHUS TMHEAN0OLUTOB
anr$u3a }KUBOTHBIX IKCIIEPUMEHTATbHOM IPYNIbI B pa3/IMYHble CPOKU Hab1oeHus (M = m)
Table 2. Organometric parameters of the epiphysis and the results of morphometric analysis of pinealocytes in experimental

animals at different time points of the experiment (M *+ m)

Iloka3aTesb 1-e cyTkH 7-e cyTKu 15-e cyTKH 30-e cyTku 60-e cyTKu

Parameter 1st day 7th day 15th day 30th day 60th day
Opzanomempus (3nugpus) / Organometry (epiphysis)

A6contoTHast Macca, MT 2.8+0.05 2.76 £0.12 3.05+0.01* 3.14+0.01* 3.12+0.01*

Absolute weight, mg

OTHocUTe/IbHAas Macca, Mr/T 0.018 + 0.0006

Relative weight, mg/g

0.031 +0.0008

0.031+0.0001* 0.035+0.0001* 0.034 +0.0009*

06beM, MM® 13988623.96 + 17573614.52+ 21247077.78+ 24334906.58+ 26148399.26 +
Volume, mm? 270709.44 512187.11 368576.09* 173413.19* 244243.28*
Bosbmuit juamMmeTp, MKM 318.86 + 3.66 351.97 £5.26 374.78 £+ 6.26% 391.11 +1.95* 397.21 +0.75%*
Maximal diameter, um

MeHnbInii fuaMeTp, MKM 289.43+241  308.63+2.42  329.06+£1.72* 344.73 +1.66* 354.56 +1.59*

Minimal diameter, um

Mopgomempus (nuneanoyumvt) / Morphometry (pinealocytes)

JloJ1s1 CBETJIBIX NUHEANoIUTOB, % 15.65 + 0.28 1491+ 0.5 15 + 0.34* 10.23 + 0.44* 7.23+0.19*
Proportion of light pinealocytes, %

JloJisi TEMHBIX TUHEAJNOIUTOB, % 84.35+0.28 85.09+0.5 85.00 + 0.34* 89.77 + 0.44* 92.77 + 0.19*
Proportion of dark pinealocytes, %

Bosibinit juaMeTp KJAeTKU, MKM 20.05 £ 0.54 19.77 £ 0.57 29.24 + 0.32* 32.83+0.51* 35.6 £ 0.4*
Maximal diameter of cell, um

Menbiuui JuameTp KieTkd, Mkm  23.08 + 0.29 22.22 +0.62 24.27 £ 0.31* 26.04 £ 0.21* 28.83 + 0.34*
Minimal diameter of cell, um

006beM KJIETKH, MM? 5600.8 + 244.46 5111.76 + 9018 +227.06* 11653.54 + 15495.08 +
Volume of cell, mm3 246.68 174.71* 347.89*
Bosibiinii uaMmeTp si/ipa, MKM 9.63 £ 0.06 9.88 £ 0.06 10.16 £ 0.01* 10.66 + 0.01* 11.15+0.01*
Maximal diameter of cell nucleus, pm

MeHbIIM# fuaMeTp A/ipa, MKM 7.64 +0.03 7.65 +0.02 8.05+0.01* 8.65+0.01* 8.95+0.01*
Minimal diameter of cell mucleus, pum

061beM saapa, Mmm3 294.46 +4.51  302.38+2.18  344.86 +1.28* 417.08+0.75* 467.13+0.7*

Volume of cell nucleus, mm?3

* CTaTUCTUYECKHU 3HAYMMOE OTVIMYHE OT 3HaYeHUH KOHTPOJIbHOU rpynmsl (p < 0.05).
Statistically significant difference from the values of the control group (p < 0.05).

KJIETKH, — Ha 4.48, 7.23, 4.45 U 4.05, 7.66, 10.16 %
cootBeTcTBeHHO. OO'bEMHBIE ITAPAMETPHI KJIIETKU U
ee fA/pa BO3POCJIHM Ha 19.13, 29.44, 38.31 u 13.11,
24.28, 33.18 % OTHOCHUTEJLHO JAaHHBIX KOHTPOJIb-
HBIX T'PYIII KUBOTHBIX, B TO K€ BpeMs Ha 1 U 7-€
CYTKHU ITapaMeTPhI CTATUCTUYECKH 3HAUYNMO HE pas3-
auvanuck. [locae npumenenusa uMmyHodaHa KOJIU-
YEeCTBO CBETJIBIX ITUHEAJIONUTOB B YIOMSHYTbIE
paHee CPOKH JOCTOBEDHO CHUBWJIOCH HaA 15.79,
22.28, 39.01 %.

Amudus JKUBOTHBIX SKCIIEPUMEHTATHBHON
TPYIIIbI HA MPOTSI’KEHUM BCETO CPOKA HAOJIOZEHUS
COXpaHAJ THUIHUYHBIE MOpP(QOJIOTHYEeCKHe YepThl:
JIOJIbYATOCTh, CIEKTP OCHOBHBIX KJIETOUHBIX ITOILY-
aAanuid. B To ke BpemMs NMpPU UMMYHOCTUMYJIAITUU
HA0JTIOAATNCh U3MEHEHUsI €T0 OPTaHOMETPUUECKIX
ImapaMeTpoB.

features: lobulation, the spectrum of the main cell
populations. At the same time, changes in its organo-
metric parameters were observed during immunos-
timulation.

During morphometric analysis changes in the
studied parameters were also observed after the
administration of imunofan (Fig. 1).

DISCUSSION

In the literature, there are data on changes in the
structure of the epiphysis caused by exogenous and
endogenous influences. Some authors identify a num-
ber of factors that cause immunosuppression: patho-
gens, chronic stress, feeding disorders, genetic back-
ground, etc. [7]. Thus, pinealectomy leads to an
impairment of immunogenesis and a change in the
tissue architectonics of white pulp of the spleen, as
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Puc. 1. Yuactok snudusa KpbIChl Ha 15-€ CYyTKU HaOJIIOEeHUs: A — KOHTPOJIbHAS IPyIIa; B — sKcliepuMeHTa IbHAs Py
(1 — TEeMHBIN TUHEAIONUT; 2 — S/[PO TEMHOTO [THHEAJIONUTA; 3 — CBETJIBII IUHEAIOUT; 4 — SAPO CBETJIOTO THHEAIOI[UTA;
5 — MO3roBoii 1ecok). OKpacka: reMaTOKCHJINH-3031H. YBeJIHUeHre x40
Fig. 1. The site of the rat epiphysis on the 15th day of the experiment: A — control group; B — experimental group
(1 — dark pinealocyte; 2 — dark pinealocyte nucleus; 3 — light pinealocyte; 4 — light pinealocyte nucleus; 5 — acervulus).
Hematoxylin-eosin staining. Magnification x40

Ha mopdomeTrpuueckoM ypoBHe Takxke HabJIIO-
JATNCh M3MEHEHHsT U3YUYeHHBIX [T0Ka3aTesel mociie
puMeHeHUs nuMmyHodana (puc. 1).

OBCYKIEHME

B suTepaType BCTpeualoTcsa AaHHbIE 00 U3MeHe-
HUSX CTPOEHU SN U3a B pe3yJIbTaTe 9K30- U DHJI0-
TEeHHBIX BO3JIEUCTBHUUA. HeKoTOpble aBTOPHI BhIZE-
JISIOT PAJL GAKTOPOB, BBI3BIBAIOIINX HUMMYHOCYTIPEC-
CHIO: TATOTEHbI, XPOHUYECKUH CTpecC, HapyIIeHHUs
KOPMJIEHU S, TeHETHYECKHE acIeKThl U T.J. [7]. Tax,
SMUMU3IKTOMUSA TPUBOJUT K HAPYIIIEHUIO HMMYHO-
reHe3a W U3MEHEHUIO TMCTOAPXUTEKTOHUKU OesloH
IyJIBIIBI CEJIE3EHKH, a TAKJKe IOBBIIIEHUIO YHCIA
C-KJIETOK IMUTOBUAHON 3Kese3bl. [lenTuHble mpe-
rmapaThl SUdU3a SITUTATAMUH U STIUTAJIOH B DKCIIEe-
pUMEHTEe  BOCCTAaHABJIMBAJIN  THCTOJIOTHUYECKYIO
CTPYKTYPY CeJIE3EHKU MMOcIe SMU(PU3IKTOMUHU U CII0-
COOCTBOBAJIM HOPMAJIU3alNU €€ UMMYHHOH (bYHK-
nuu. [Ipu sToMm B ocHOBe 3ddekTa smuUTaIoHa
JIeKaJI0 U3MEHEHHE MUTOTUYECKOH aKTHBHOCTH
UMGOIUTOB GeJTON MyJIBIIBI, TOT/Ia KaK IO, JIeh-
CTBHEM SIIUTaJIAMUHA BCE UCCIIEAyEMbIE [TOKAa3aTeIN
HMMYyHOT€HE3a BOCCTAHABJIUBAJIUCH JI0 KOHTPOJIb-
HOTO YPOBHS 3a CUEeT BJIUSHHA Kak Ha mposmdepa-
THBHYIO aKTUBHOCTD JINMQOIUTOB, TAK U HA WHTEH-
cuBHOCTD anorrro3a [8]. B.II. Bosikos (2014), B m1oz-
TBEP)KJEHUE JJAaHHbIX 00 HW3MEHEHHSIX CTPOEHUS
snudu3a B pe3yJIbTaTe 3K30- U SHJIOTEHHBIX BO3/IEH-
CTBUH, TIOKa3aj, 4TO0 MOp(oMeTpus, KOTOpas IMpH-
MeHsIeTCsl Ha Pa3HbBIX CTPYKTYPHBIX YPOBHSIX MOPGhO-
JIOTUYECKOW OpraHu3alud OpraHu3Ma, OTBEYaeT

well as an increase in the C-cell count of the thyroid
gland. The peptide preparations, epithalamin and
epithalon in the experiment recovered the histologi-
cal structure of the spleen following pinealectomy
and contributed to the normalization of its immune
function. At the same time, the effect of epithalon was
based on a change in the mitotic activity of lympho-
cytes of the white pulp, while under epithalamin, all
the studied parameters of immunogenesis were
restored to the control level due to the influence both
on the proliferative activity of lymphocytes and on the
intensity of apoptosis [8]. Volkov (2014), in confirma-
tion of data on changes in the structure of the epiphy-
sis as a result of exogenous and endogenous influ-
ences, showed that morphometry which is used at
different levels of structural organization of the body,
meets the requirements of modern evidence-based
medicine and allows to objectify the results obtained,
great importance is also attached to the ratio and total
count of both light and dark pineal cells, the latter
being considered as the most functionally active cel-
lular elements [9]. With regard to the immune func-
tion, it was found that in adult and old mice, under
the action of the epiphysis peptide drug, T and B cell
immunity is activated, the titer of thymic serum fac-
tor, the titer of thymosin components, as well as the
colony-stimulating activity of splenocytes in pinealec-
tomized rats increase in the serum [10].

CONCLUSION

The study allows us to draw the following conclu-
sions:

Journal homepage: http://jsms.ngmu.ru
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TpeOOBAaHUAM COBPEMEHHOH J0Ka3aTeJIbHONH MeIu-
[IFHBI ¥ TO3BOJISIET 0ObEKTUBU3UPOBATH IOJTyUEH-
HbIE PE3YJIbTAThI, TAKIKE IIPHUIAETCs O0JIBIIIOE 3HAYE-
HHE COOTHOIIIEHUIO U OOIIEeMY KOJIMYECTBY U CBET-
JIBIX U TEMHBIX ITUHEAJIbHBIX KJIETOK, IIPUYEM BTO-
pble paccMaTpUBAIOTCsA Kak Haubosiee (YHKIIHO-
HAJIbHO AaKTHBHBIE KJIETOYHBIE 3JEeMEHTHI [9].
B oTHomeHMN MMMYHHOU (DYHKIIUU yCTAHOBJIEHO,
YTO y B3POCJIBIX U CTAPBIX MBIIIEH MO/ AeHCTBHEM
MENTHHOTO MpenapaTa snudusa crumyaupyercs T-
U B-KJIETOUHBII UMMYHHUTET, B CHIBOPOTKE PACTET
TUTP THUMHYECKOTO CHIBOPOTOYHOTO (HaKTOpa, TUTP
TUMO3HHOBBIX KOMIIOHEHTOB, a TAK:KE KOJIOHUECTH-
MYJIUPYIOIAsi aKTHBHOCTH CIUIEHOIIUTOB y ITHHEa-
JI9KTOMHUPOBAHHBIX KPBbIC [10].

3AK/IOYEHUE

[TpoBezieHHOE HCCIIEIOBAHIE [TO3BOJISIET C/IEJIATh
CJIEYIOIIHE BBIBOIBL:

1. [TosryueHHBIE PE3YJIBTATHI CBUAETEIHCTBYIOT 00
aKTUBHOU PEAKI[UHU CO CTOPOHBI U(U3A KPHIC 3pe-
JIOTO BO3pacTa B OTBeT Ha HMMMYHOCTHMYJIAIHIO,
BBI3BAHHYIO IpUMeHEHNeM UMyHOMbaHa.

2. BBe/ieHuE TIpenapara BbhI3bIBAJIO CTATUCTUIECKH
3HAYMMOE YBeJIMUEHHE OPraHOMETPUYECKHX ITapame-
TpOB snHduU3a Ha 15, 30 U 60-e CyTKU HaOJIIO/IEHNH,
TOT/Ia KaK HA pAHHUX CPOKax (1 ¥ 7-€ CyTKH) JIOCTOBEP-
HBIX OTJIMYHMH OT JAHHBIX KOHTPOJIBHOM TPYIIIIBI yCTa-
HOBJIEHO He ObLIO, YTO MOXKHO OOBSCHUTH (papMaKo-
MUHAMUYECKIMU 0COOEHHOCTSIMU IIpenapaTa.

3. JlauHble MOP(OMETPUUECKOTO HCCIIEAOBAHUA
[TOKa3aJIl O HOHAIIPABJIEHHYIO PEaKINI0 smudusa
Ha KJIETOYHOM U OPraHHOM YPOBHE B II€JIOM, YTO
II03BOJISIET TOBOPHUTH O €r0 KOMILJIEKCHOM OTBETE Ha
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1. The results obtained indicate an active reaction
from the epiphysis of mature rats in response to
immunostimulation caused by the use of imunofan.

2. The drug administration caused a statistically
significant increase in the organometric parameters
of the epiphysis on the 15th, 30th and 60th day of the
experiment, while in the early periods (1st and 7th
days) there were no significant differences from the
data of the control group which can be explained by
the pharmacodynamic features of the drug.

3. The data of the morphometric study showed
the unidirectional reaction of the epiphysis at the cel-
lular and organ levels as a whole, which allows us to
speak of its comprehensive response in the setting of
the immune system activation which apparently
causes the proliferation of pinealocytes and a change
in their functional activity.

4. The results obtained are of interest in terms of
further study of the epiphysis structure under immu-
nosuppression.
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¢ oHe aKTUBU3AINY UMMYHHOU CUCTEMBI, BHI3BIBAIO-
e, mo-BUAMMOMY, IpOJudepanuo MUHEeATO -
TOB U U3MEHEHHE UX (PYHKIIMOHATbHOU aKTUBHOCTH.

4. TlosydyeHHBIE PE3YJBTATHl IPEJCTABIISIOT
WHTEepEC B IJIaHE JTAJIbHENIIIETO U3yUEHU CTPOEHUS
snudu3sa B yCIOBUAX UMMYHOCYITPECCUH.

KoH@IUKT HHTEPECOB. ABTOPHI 3asBJISIOT 00
OTCYTCTBUU KOH(DJINKTA UHTEPECOB.
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