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Mopdosroruueckas oreHKa Go/LTHKYJIOB IITUTOBUHOH JKeJIe3bl
IMOJIOBO3PEJIbIX KPbIC MOC/I€ XPOHUUECKON HHTOKCUKAIIUU
opraHu3Ma mapaMy TOJIyoJia 1 KOPPEeKIINU U3MeHEeHU N
dXUHAaIeeH IMypPITyPpHOU

K.A. ®omuna, B.1. Bepos

@I'BOY BO «JIyeaHckuil 2ocydapcmeeHHblil meduyuHckuil yHusepcumem umenu Cesmumens JIyxu» Munsopasa
Poccuu, JIyzarck, Poccus

AHHOTAIINA

BBeneHue. dHIOKPDUHHAA cUCTEMA O/IHA U3 IIEPBBIX pearvpyeT Ha M3MeHEHMs I'OMeOoCTas3a, a HelocpeiCTBEHHO
IIUTOBUHAA jKeje3a fABJAETCS MUIIEHBIO JUI TOKCMYECKUX BeIecTB, B CBA3M C 4YeM H3yUeHHe ee CTPYKTypHO-
(byHKIIMOHATBPHON OPTaHU3AIUK TPU XPOHUUECKOM WHTAJISIIUOHHOM BO3/IEHCTBUU TOKCUYECKHX areHTOB (B YaCTHOCTH
TOJIy0JIa) TIPEJICTABJIAETCS AKTyaJbHOH JIJIsi COBPEMEHHOU MeTUIIMHBI TeEMOH. B KauecTBe KOPPUTHPYIOIIETO CPEICTBA
WHTepec IIpe/ICTaBJIsAeT SXUHalles MypIypHasa, KOTopas Ha MPOTsSXKeHUN MHOTHX JIeT IPUMeHsAeTCs B KauecTBe aKTUBATOpa
a/laNTallIOHHBIX MEXaHU3MOB M CTUMYJIATOPA 3AIUTHBIX (PYHKIUHA OPraHU3Ma C IIeJIbIO ITOBBIIIEHUA YCTOUYUBOCTH KJIe-
TOK B YCJIOBUSIX CcTpecca.

IT e 1 b . UByunTh MOpdOIOTrHYECKHE U3MEHEHU (POJIMKYIIOB IIUTOBUHOM KeJIe3bl KPHIC PEIPOAYKTUBHOTO BO3pacTa
rocJie 60-THEBHOM MHTOKCHUKAI[UH OPTaHU3Ma TOJIyOJIOM ¥ KOPPEKIUHU BBISIBJIEHHBIX N3MEHEHUN 9XUHaIleeH MypIIypHOH,
a TaK’Ke OLIEHUTH JUHAMHUKY U CKOPOCTb X BOCCTAHOBJIEHH Yepes 7, 15, 30 U 60 AHEH 1ocsie IpeKpalieHus BO3eHCTBUA
n3ydyaeMbIX GaKTOPOB.

MaTepuanbs W MeTO /bl . JKCIepUMEHTAIbPHOE HCCIEJOBAHNE NIPOBE/IEHO Ha 120 II0JI0BO3PEJIbIX KpbICAaX-
camiax. JKUBOTHBIX Pa3/eTUIN HA 4 TPYIIIBL: TPYIIA 1 — MHTOKCUKAIUs TApaMU TOJIY0JIa B KOHIIEHTPAIUU 500 MT/M3 B
TeyeHue 60 JHeH; TPyIIa 2 — KOHTPOJIbHAsA (MHTAKTHBIE )KUBOTHBIE); TPYIINA 3 — HMHTOKCUKAIIUS TOJIYOJIOM + HACTOWKa
SXUHAIIEU IMyPIIYPHOH B ZI03€ 200 MT/KT, BHYTPIIKEIYI0YHO; TPYIIIa 4 — HACTOWKA SXUHAIIEU IyPIIyPHOI 6€3 HMHTOKCHUKA-
MM TOJIyoJIOM. V3ydasmn u3MeHeHue IUIoNaied (hoJUIHKYIIOB, KOJUIOU/a, (DOJUTUKYIAPHOTO SIUTENINA B ITUTOBUIHON
JKeJiese, a TaKKe (POJITUKYJIAPHO-KOJIJIOU/THBIN UH/IEKC.

PesyanbTarts . Mopdosornyeckre usMeHeHUA (POJIIMKYJIOB IIMUTOBUJIHON JKEJIE3bI MTOJIOBO3PEJIBIX KPBIC IOCIIE
XPOHUYECKOW MHTOKCHKAIIMU [apaMH TOJIyOJIa CBUAETEJBCTBYIOT O CHIDKEHUU (DYHKIIMOHAJIIBHOW aKTUBHOCTH OpraHa.
B donnukynax u3aMeHseTCS COOTHOIIEHHUE KOJUIOU/IA U SIUTENUA. MaKCUMyM pas3jInuyui YCTAHOBJIEH B TEUEHHE TIEPBOH
HeJIeJIN TI0CJIe 3aBePIIeH s HeOIaronMpUATHOTO BO3/IEHCTBUS — IUIOIIA b KOJIJIOW/IA YBEJTUIUBAETCA Ha 25,13 %, IJI0MIAAb
SIIUTEJINS YMEHBIIAeTCA Ha 21,37 %, GOJUTUKYIAPHO-KOJUIOU/IHBIA HHEKC CHIKaeTcs Ha 36,88 %. Cuiia BIMAHUSA HHTOK-
CUKAI[UH TOJIyOJIOM Ha BCE IIOKa3aTeH — BbIle 90 %. [Ipu exxeTHEBHOM IIpHeMe SXHHAIle! IIypITypHOU Ha ¢hOHE BO3/ei-
CTBHUS TOJIyOJIa YCHJIMBAETCA POCT (DOJUTMKYISPHOTO OSIHUTENUs U Pe30pOIHsA KOJUIOHAQ, OT KOTOPBIX 3aBUCHUT
(hoITUKYIIAPHO-KOJIOUHBIN HH/IEKC (rxy =0,93ur, =-0,92 COOTBETCTBEHHO). AP GEKT mpemapaTa COXpAHIETCs B TEUe-
HHE MecsAIla II0CJIe 3aBEPIIEHUs SKCIIEPUMEHTAIBHBIX BO3JEHUCTBUN — IUIONIAJb KOJUIOW/A CHIDKAaeTcd Ha 13,90 %, a
(hoJITUKYIIAPHO-KOJIOUAHBIN WH/IEKC BO3PACTAET HA 21,50 % B CPAaBHEHUH C IPYIIIaMH KPBIC, HE TOJIyYaBIINMU DXUHA-
1Ie10 IPU UHTOKCUKAITUY TapaMU TOJIyoJIa.

3aKJJOYeHUeE. IJKCIEPUMEHTATBHOE MOATBEPKAeHNE 3G(PEKTUBHOCTA NMPUMEHEHUA SXUHAIEW IPU XpPOHUYE-
CKOM BO3/IEHCTBHUU TOKCUYECKUX MOJUTIOTAHTOB OyZIeT CIIOCOOCTBOBATh PACIIMPEHHUIO €€ HCIOJIb30BAHMS B CAHUTAPHO-
MPOPUIAKTUUECKHUX [EJIAX, B KOMIUIEKCHOM JIEYeHUHU SHAOKPUHHBIX 3a001€BaHUI U /IJIsI TOBBIIIIEHUS CTOMKOCTH, COTIPO-
THUBJIIEMOCTH U aJjaliTalliy OpPraHU3Ma K JIEHCTBUIO YY>KEPOJIHBIX areHTOB, KAaK IIPH HAPYIIEHUAX B IepUDEePUIEeCKUX
SHZIOKPUHHBIX OPTaHAaX, TAK U B KJIETOUHBIX MeMOpaHaX U CTPYKTYPHBIX KOMIIOHEHTAX PA3IMUYHbBIX KJIETOK OPTAHU3MA.
Knmoueenle croea: muToBUAHAA XKeJe3a, GOJUINKYJI, TOIYOJI, SXHUHAIes IMypIypHasd.
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Morphological assessment of thyroid follicles in mature rats
after chronic intoxication with toluene vapors and correction
of changes with Echinacea purpurea

K.A. Fomina, V.I. Berov

St. Luka Lugansk State Medical University, Lugansk, Russia

ABSTRACT

Introduction.Theendocrine system is one of the first to react to changes in homeostasis, and the thyroid gland
itself is a target for toxic substances, therefore, the study of its structural and functional organization under chronic inhala-
tion exposure to toxic agents (in particular toluene) seems to be a topical issue for modern medicine. Of interest, as a
therapeutic agent, is Echinacea purpurea which has been used for many years as an activator of adaptation mechanisms
and a stimulant of the body’s protective functions in order to increase cellular resistance under stress.

Aim . To study morphological changes in thyroid follicles of reproductive-aged rats after a 60-day intoxication with
toluene and correction of changes with Echinacea purpurea, as well as to evaluate the dynamics and rate of their recovery
7,15, 30 and 60 days after discontinuation of experimental exposure.

Materials and meth od s .An experimental study was performed on 120 mature male rats. The animals
were divided into 4 groups: group 1 — intoxication with toluene vapors at a concentration of 500 mg/m3 for 60 days;
group 2 — control (intact animals); group 3 — toluene intoxication + Echinacea purpurea tincture at a dose of 200 mg/kg,
intragastrically; group 4 — Echinacea purpurea tincture without toluene intoxication. Changes in the areas of follicles, col-
loid, follicular epithelium in the thyroid gland, as well as the follicular-colloid index were studied.

R esults.Morphological changes in thyroid follicles of mature rats after chronic intoxication with toluene vapors
indicate a decrease in the functional activity of the organ. The colloid-epithelium ratio in the follicles changes. The maxi-
mum differences were revealed during the first week after discontinuation of toxic exposure: the colloid area increases by
25,13%, the epithelial area decreases by 21,37% and the follicular-colloid index — by 36,88%. The strength of the effect of
toluene intoxication on all indicators is above 90%. In daily administration of Echinacea purpurea under toluene expo-
sure, the growth of follicular epithelium and colloid resorption influencing the follicular-colloid index increases (r, = 0,93
and r, = -0,92, respectively). The effect of the herbal preparation persists for a month after discontinuation of experimen-
tal exposure: the colloid area decreases by 13,90%, and the follicular-colloid index increases by 21,50% compared to groups
of rats that did not receive Echinacea purpurea during intoxication with toluene vapors.

Conclusion. Theexperimental study confirmed the effectiveness of Echinacea purpurea in chronic exposure to
toxic pollutants, which will contribute to the expansion of its use for medical and preventive purposes, in the combined
treatment of endocrine diseases, and as well as to increase the tolerance, resistance and adaptive potential of the body to
exogenous agents, in disorders both in the peripheral endocrine organs and in cell membranes and structural components
of different cells of the body.

Keywords: thyroid gland, follicle, toluene, Echinacea purpurea.
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INTRODUCTION
The study of morphological features of organs

BBEJAEHUE

H3yuenre MOpPGOIOTHUECKUX OCOOEHHOCTEH

OpPTraHOB W CHCTEM OpraHW3Ma IPU BJIUSHUH Ha
OpPraHU3M TOKCHYECKHX (PAKTOPOB U BBIABJIEHHE
aJlanTaIlMOHHBIX PeaKI[Ui, HApaBJIeHHbIX HAa CHU-
JKEHUE JIAaHHBIX BO3JIEMCTBUU, SIBJISIETCS aKTyaslb-
HBIM BOIIPOCOM COBPEMEHHOW MeJUIIUHBI [1].
ToJtyoJ1, IIUPOKO IPUMeEHAEMBIN B BOEHHOMU, hapma-
[IEBTUYECKOU, KOCMETHYECKOH, TOIUIMBHOU IIpO-
MBIIIJIEHHOCTH, & TaK)Ke IPU U3TOTOBJIEHUU JIAKOB,
KpacoK, KJIeeB, IJIACTMACCOBBIX W3/IEJTUI, MOIOIINX
CPEJICTB, SIBJISIETCS BEIECTBOM TPETHETO KJjacca

and systems of the body under toxic exposure and
uncovering the adaptive reactions aimed at reducing
these effects is a topical issue of modern medicine
[1]. Toluene, widely used in the military, pharmaceu-
tical, cosmetic, fuel industries, as well as in the man-
ufacture of varnishes, paints, adhesives, plastic arti-
cles, detergents, is a substance belonging to hazard
category III and is of interest for the study of its
effects on the human body. Considering that the
endocrine system is one of the first to react to changes
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OITIaCHOCTH U IPEACTABJIACT UHTEPEC JIA UCCIeI0Ba-
HUA €ro BOB[[efICTBI/IH Ha OpraHU3M. y‘{I/ITI)IBaH, qTo
SHAOKPUHHAA CUCTEMa OJHA U3 IEPBLIX pearupyer
Ha W3MEHEHHMS TIOMEeOCTa3a, a HEeIOCPEICTBEHHO
MU TOBUHAA XKejie3a ABJIAETCA MUIIIEHbIO JIA TOK-
CHYECKHUX BEIeCTB, H3yYEHHE ee CTPYKTYypPHO-
(pyHKIIIOHAJTBHOW OPTaHU3AINU IIPU XPOHUYECKOM
HNHTAJIAITUOHHOM BOBZ{eﬁCTBHH TOJIyOJia B KOHIIEH-
TPaIKH, IPEBIIIAIOIIEH IIPEIEIbHO TOIYCTUMYIO, C
YUETOM CpPOKa peajlalTal[iy, IIPOIIEIIEro IIOCie
3aBEpUICHUA IIepuoga [[efICTBHH TOKCHUYECKOTI'O q)aK-
TOpAa, MPEACTABJIAETCSA aKTyaJIbHBIM. B KadecTse
KOPPHUTHPYIOIIEr0 CPEACTBA UHTEPEC IIPECTABIISIET
IXHHaIled IIypIypHasd, KOTOpasd Ha IIPOTAXKEHHUU
MHOTHUX JIET IIPDUMEHAETCA B Ka4eCTBE€ aKTHUBATOpa
aJalITagduOHHBIX MEXaHHU3MOB " CTUMYJIATOPA
3AalIUTHBIX (I)YHKIII/Iﬁ opraHu3Ma C IeJIbI0 ITOBBIIIE-
HUSA YCTOMYHUBOCTH KJIETOK B YCJIOBUSAX cTpecca [2].

ITEJIb UCCJIE/IOBAHU A

N3yunTh Mopdosoruieckre u3MeHeHus QoJLIn-
KYyJIOB IITUTOBUIHOU >KeJIE3bl KPBIC PENMPOAYKTUB-
HOTO BO3pacra Iocjie 60-THEBHOH WHTOKCHKAI[UH
OpraHu3Ma TOJIYOJIOM U KOPPEKIIMH BBISABJIEHHBIX
W3MEHEHUU HACTOUKOM SXWHAIEW IypIlypHOH, a
TaK}Ke OIEHUTH JUHAMHUKY U CKOPOCTh MX BOCCTa-
HOBJIEHUA Yepes 7, 15, 30 u 60 THEH MocIe IpeKpa-
IeHUs BO3/IEUCTBUS N3y9aeMbIX (PaKTOPOB.

MATEPUAJIBI 1 METO/bI

IKCIIepUMeHTAIPHOE HCCJIeIOBAHNE IIPOBEJIEHO
Ha 120 I0JI0BO3PEJIBIX KPhICAX-CAMIIAX, C UCXOTHOM
Macco# Tesia 130—150 T, B cOOTBeTCTBUU ¢ «IIpaBu-
JlaMU IIPOBe/IeHNs paboT ¢ UCIOIb30BaAHNEM DKCIIe-
PUMEHTATbHBIX JKUBOTHBIX». JKHUBOTHBIX pasjie-
Jiwa Ha 4 rpymmnsl: rpymmna Tl mogsepraiach Bo3-
ZIeHiCTBHUIO IaPOB TOJIy0JIa B KOHIIEHTPAIUU 500 MT/
M3 B TeueHUe 60 THEH B pesKUMe 5 JTHEH B HEIEIIO ¢
8:00 70 13:00; rpynmna K — koHTposbHAsA (MHTAKT-
Hble JKUBOTHBIE, HAXOJUBIINeCS B CTaHJAPTHBIX
yesoBusax BuBapus); rpynma Tl + Eh — mocse Bo3-
JIECTBUS TIAPOB TOJIYOJIA JKUBOTHBIE IIOJIyYaIU
HACTOUKY SXUHAIIEW MyPIIypHOU B J103€ 200 MT/KT,
BHYTPIIKEJIYJIOUHO, 1 pa3 B CYTKH, B 14:00; Ipynna
Eh — KUBOTHBIE MOJIyYaii B aHAJIOTHYHOM PEKUMeE
HACTOIKY XUHAaIeu Oe3 BO3/eHCTBUSA TapaMH TOJIY-
osa. Yepes 60 JHEHN JKUBOTHBIX BHIBOJIVJIU U3 DKCIIE-
pUMeHTa Ha IEPBBIE, CeZIbMBbIE, IIATHAIAThIE, TPU/I-
matele W IIecTuziecsaTele cyTkH. lIluToBHAHYIO
JKejle3y U3BJIEKATIH BMECTe C TPaXxeoTOPTAHHBIM
KOMILIEKCOM, ITPOBOJIMJIA CEMapanuio J10yIeH, QuK-
CHUPOBAIN B 10% pacTBOope HeWTpanabHOTO ¢dopma-
JIMHA U MIOABEPTAJIN CTAHAAPTHOU TMCTOJIOTHUECKOU
mpoBogike. ['mcrosormueckrne Cpe3bl  TOJIIIUHOM

in homeostasis, and the thyroid gland itself is a tar-
get for toxic substances, the study of its structural
and functional organization under chronic toluene
inhalation exposure in over the maximum permissi-
ble concentration, taking into account the readapta-
tion period that has passed after discontinuation of
toxic exposure, seems relevant. Of interest, as a ther-
apeutic agent, is Echinacea purpurea, which has
been used for many years as an activator of adapta-
tion mechanisms and a stimulant of the body’s pro-
tective functions in order to increase the resistance
of cells under stress [2].

AIM OF THE RESEARCH

To study morphological changes in thyroid folli-
cles of reproductive-aged rats after a 60-day intoxi-
cation with toluene, and correction of the identified
changes with Echinacea purpurea tincture, as well
as to evaluate the dynamics and rate of the recovery
7, 15, 30 and 60 days after discontinuation of experi-
mental exposure.

MATERIALS AND METHODS

An experimental study was performed on 120
mature male rats with body weight of 130-150 g at
baseline, in accordance with the “Rules for Carrying
Out Work Involving the Use of Experimental Ani-
mals”. The animals were divided into 4 groups:
group Tl was exposed to toluene vapors at a concen-
tration of 500 mg/m3 for 60 days, 5 days a week
from 8:00 to 13:00 p.m.; group K — control (intact
animals kept in standard vivarium conditions);
group Tl + Eh — after exposure to toluene vapors,
the animals received Echinacea purpurea tincture
at a dose of 200 mg/kg, intragastrically, once a day,
at 14:00 p.m.; group Eh — the animals received
Echinacea purpurea tincture in a similar regimen
without toluene exposure. After 60 days, the ani-
mals were removed from the experiment on the 1%,
71 15% 30" and 60" days. The thyroid gland was
removed together with the trachea and larynx, the
lobes were separated, fixed in 10% neutral formalin
solution and a standard histological processing was
carried out. Sections of 3—5 um thickness, stained
with hematoxylin and eosin, were photographed in
magnification mode using a Plan 40x/0.65,
©/0.17 lens, Zoom 162 max and saved in TIFF for-
mat. Using a calibration file, the images were con-
verted to actual size. Then, the micrographs were
loaded into the Master of Morphology, program for
morphometric studies [3] and the areas (um?) of
follicles, colloid and follicular epithelium were
determined in six fields of view from six sections of
each organ. The follicular-colloid index was calcu-
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3—5 MKM, OKpallleHHble TeMAaTOKCWJIMHOM W 303HU-
HOM, doTorpadupoBaJi B pPeKUME YBEJINUYEHUs C
HCIIOJIb30BaHKeM o0bekTrBa Plan 40x/0.65, ©/0.17,
Zoom 162 max u coxpausiu B popmate TIFF. ITpu
IIOMOIIA KTMOPOBOYHOTO (hailyia u300pakeHus
MIEPEBOIVJINCH B PeaIbHBbIN pa3Mep. Jlajee MUKpPO-
¢ororpadpuu 3arpy’kasii B KOMIIBIOTEPHYIO IIPO-
rpaMmy i1 MOPGOMETPHUYECKUX HCCIIeI0BAHUH
Master of Morphology [3] u B 11ecTu mosisix 3peHust
HAa IIECTHU cpe3axX KaKOro OpraHa OIMpeiesIsiIu II0-
mayau (MKM2) GOJUTUKYJIOB, KOJUIOUIA U (POJUTHKY-
JIIpHOTO 3nuTeNusa. PoJTUKYIAPHO-KOJLIOUTHBIN
WHJIEKC PACCYNUTHIBAJIN KAK OTHOIIEHHE ILIOIIAJH
(hOJITUKYIIAPHOTO SIUTENNA K IIJIOMAIU KOJUIOU/IA.

[Tosnyuennsie 1udpoBbie JaHHBIE 06pabaThIBAIH
B mporpamme StatSoft Statistica v 10.0 ¢ mpumene-
HueM kputepueB CtbiojienTa u [Tupcona. Cratucru-
YeCKH 3HAYMMBIMU CUUTAJIA U3MEHEHUs C BEPOSAT-
HOCTBIO OITUOKU MeHee 5 % (p < 0,05). Cuity Biaus-
HUSI KOHTPOJUPYEMBIX (DAKTOPOB OIPENEIIsIH C
IIOMOIIbI0 OHO(GAKTOPHOTO AMCIIEPCUOHHOTO aHa-
ausa [4].

PE3YJ/IBTATDBI

[MudpoBble 3HAYEHUS HU3MEHEHUU ILIONIAJIEH
GoUKyI0B, KoJutowza, JSMUTenus u (GOIIUKY-
JIIPHO-KOJIJIOUTHOTO MH/IEKCA B TPYIIie KOHTPOJIS U
B TPYIIIIaX UCCIEIOBAHUS IPUBEIEHBI B TA0JI. 1.

Y KOHTDOJIPHBIX KUBOTHBIX ILIOIIAAb (QosIu-
KyJla 3aBUCHUT OT €r0 COCTaBJISIONIUX — TLJIOIIAIN
KOJIJTOW/Ia U IUIOWIQAY SUuTenus. Bce mapameTpsl
PaBHOMEDPHO YBEJIMUHUBAIOTCSA 110 Mepe B3POCJIEHUs
JKUBOTHBIX. DOJUTUKYIAPHO-KOJUIOUIHBIA WHAEKC
He 3aBUCHUT OT U3MEHEHHUH TIIONIAN (POJIHUKYIOB U
YMEHBIIIAETCS C BO3PACTOM.

B rpyme Tl mwomazs GoUIHKYIIOB TPAKTHYECKU
paBHO3HAUHA TaKOBOU B rpymIie K, yBesmumBasce ¢
TIEPBBIX T10 IIECTUIECATHIE CYTKH C 2034,83 + 41,73
J10 2561,84 + 84,90 mkm?. [Ipu 3TOM BHYTpHU DOIJLITH-
KyJla U3MeHsEeTCs COOTHOIIIeHNe KOJIJION/Ia U 3TIUTe-
sust. Tlnomaap KoJUIouaa 3a BeCh IIEPUO/T, HAbJIIo1e-
HUS BO3pACTaeT ¢ 1147,34 + 28,95 10 1374,01 + 59,05
MKM?2. JlaHHBIH TOKa3aTe b ObLT CTATUCTUYECKH 3HA-
YUMO BBIIIIE, YEM B TPYIEe KOHTPOJIsI, B TEPBBIN
MeCsII[ II0C/Ie 3aBepIIeHHsT 60-THEBHOTO BO3JEH-
cTBUs ToJsiyosia. Hambosiee BhIpakeHHbIE H3MeEHE-
HUS 110 IUIOIIAU KOJLTON/1a 3aUKCUPOBAHbI B IIEP-
BYIO HEJIeJII0 peasanTanuu. Ha mepBble CyTKU OHU
COCTaBUJIU 25,13 %, a Ha cefilbMble CYTKU — 23,49 %;
Ha ISITHAZIATBIE U TPHUAIAThIE CYTKU ITPOU3OIILIO
MMPaKTUYECKU JIBYKPaTHOE CHIIKEHHEe — Ha 12,22 U
10,89 % cooTBeTcTBeHHO. Ha miectujiecaTble CyTKU
pasnuuus B rpymnmnax Tl u K 6pIH CTaTHCTAYECKH
He3HAuuMbl. [Liomazp snuTesvs 3a BeCh MEPUOJ

lated as the ratio of the follicular epithelium area to
the colloid area.

The digital data obtained were processed in Stat-
Soft Statistica v 10.0 using Student’s and Pearson’s
tests. Changes with an error probability of less than
5% (p < 0,05) were considered statistically signifi-
cant. The strength of influence of the factors studied
was determined using the one-way analysis of vari-
ance (ANOVA) [4].

RESULTS

The figures of changes in the areas of follicles, col-
loid, epithelium and the follicular-colloid index in
the control group and in the experimental groups are
given in Table 1.

In control animals, the follicle area depends on its
components — the colloid area and the epithelium
area. All the parameters increase uniformly as the
animals grow older. The follicular-colloid index does
not depend on changes in the follicle area and
decreases with age.

In the Tl group, the follicle area was virtually
equal to that in the K group, increasing from the 1 to
the 60™ day from 2034,83 + 41,73 to 2561,84 + 84,90
um?2. At the same time, the colloid-epithelium ratio
inside the follicle changed. The colloid area increased
from 1147,34 + 28,95 t0 1374,01 + 59,95 um? over the
entire observation period. This parameter was statis-
tically significantly higher than in the control group
in the first month after discontinuation of a 60-day
toluene exposure. The most pronounced changes in
the colloid area were recorded in the first week of
readaptation. On the 1 day they amounted to
25,13%, and on the 7% day — 23,49%; on the 15" and
30™ days there was an almost two-fold decrease — by
12,22 and 10,89%, respectively. On the 60™ day, the
differences in the Tl and K groups were statistically
insignificant. The epithelium area increased from
887,49 + 19,15 to 1187,83 + 33,74 um? throughout
the experiment, which was significantly less than in
the control group throughout the experiment. The
most pronounced changes were also recorded in the
first week after discontinuation of toxic exposure.
The difference for the epithelium area was 21,04 and
21,37% on the 1% and 7™ days, respectively; on the
15" day — 14.84%. On the 30t and 60% days, the epi-
thelium area remained decreased — by 9,70 and
8,34%, respectively (Fig. 1).

The follicular-colloid index was decreased
throughout the experiment, also, with the maximum
differences in the first week after discontinuation of
intoxication. On the 1tand 7 days, it was 0,77 + 0,02
and 0,75 + 0.02, respectively, which is 36,88 and
36,52% lower than in the control group. On the
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Ta6smua 1. sMeHeHue muouaziel GoJUIMKY/I0B, KOJJIOU/A, SNUTENUs U GOJIMKYJISAPHO-KOJJIOUAHOTO HH/IEKCa B TPyIIIIe
xoHTpoJiA (K) 1 nocse 60-gHeBHOrO Bo3/elicTBUA mapamu TosyoJa (T1), saxunanen (Eh) u Tosyona c sxunaneett (T1 + Eh)

(M £m)

Table 1. Changes in the areas of follicles, colloid, epithelium and the follicular-colloid index in the control group (K) and after
60 days of exposure to toluene (T1), Echinacea purpurea (Eh) and toluene + Echinacea purpurea (T1 + Eh) (M £ m)

Cpoku (cyTKH)

Day K (n=30) Tl (n = 30) Eh (n = 30) Tl + Eh (n = 30)
[nowazae dpostukyna (mkm?) / Follicle area (um?)
l-e/ 1 2040,90 + 36,25 2034,83 +41,73 2120,16 + 24,34 2053,13 + 16,66
7-e /7" 2155,29 + 28,32 2138,02 + 37,26 2246,77 + 42,82 2126,80 + 30,05
15-e / 15% 2438,43 + 26,75 2386,10 + 25,50 2682,62 + 48,24* 2428,12 + 35,68
30-e / 30" 2442,18 + 21,06 2441,33 + 49,17 2606,78 + 59,57* 2315,30 + 44,35*
60-e / 60" 2653,24 + 47,93 2561,84 + 84,90 2759,02 + 34,90 2519,78 + 34,84*
[Inouazap kostouza (Mkm?) / Colloid area (um?)
l-e/ 1 916,92 + 20,20 1147,34 + 28,95* 800,85 + 26,37* 1057,31 + 20,05**
7-e /7" 988,34 + 29,71 1220,50 + 31,92* 877,47 £3 7,50* 1083,62 + 21,18**
15-e / 15% 1143,84 + 26,50 1283,62 +21,18* 1179,98 + 33,12 1267,92 £ 15,29*
30-e /30" 114598 + 27,74 1270,82 + 20,28* 1204,16 + 45,10 1094,14 + 33,66*
60-e / 60" 1357,34 + 52,55 1374,01 + 59,95 1366,11 + 21,70 1286,17 + 32,21
[lnomazab sanutenus (Mkm?) / Epithelium area (um?)
l-e /1 1123,98 £ 22,51 887,49 + 19,15* 1319,31 + 26,70* 995,82  23,26**
7-e /7% 1166,95 + 30,12 917,52 £ 13,02* 1369,29 + 47,67* 1043,18 + 20,42**
15-e / 15% 1294,59 + 25,43 1102,49 + 23,23* 1502,64 * 26,67* 1160,20 + 29,78*
30-e /30™ 1296,20 + 22,72 1170,50 * 37,55* 1402,63 * 28,53* 1221,16 £ 11,89*
60-e / 60" 1295,90 + 7,63 1187,83 + 33,74* 139291 * 30,66* 1233,62 + 26,31*
DosnukynspHo-kotonaHbINA uHaekc / Follicular-colloid index
l-e /1% 1,23+0,03 0,77 £ 0,02* 1,66 +0,08* 0,94 + 0,04**
7-e /7" 1,19+ 0,06 0,75 £ 0,02* 1,58+0,11* 0,96 £ 0,03**
15-e / 15% 1,14 + 0,04 0,86 +0,03* 1,28 + 0,04* 0,92 +0,02*
30-e / 30" 1,14 + 0,04 0,92 +0,03* 1,17 £ 0,04 1,12 £0,03*
60-e / 60" 0,96 + 0,04 0,87 + 0,03 1,02 £ 0,03 0,96 + 0,04

* CTaTHCTUYECKH 3HAaYMMble u3MeHeHud (p < 0,05) npu cpaBHeHuu Mexay rpynnamu T1, Eh, Tl + Eh u K.
Changes are (p < 0,05) statistically significant when compared between groups Tl, Eh, Tl + Eh and K.

# CTaTucTHYeCKH 3HaYMMble n3MeHeHus (p < 0,05) npu cpaBHeHun Mexay rpynnamu Tl + Eh u TI.
Changes are (p < 0,05) statistically significant when compared between groups T1 + Eh and TL

HabsoieHust yBeauunBaercsa ¢ 887,49 + 19,15 710
1187,83 + 33,74 MKM?, YTO JJOCTOBEPHO 3HAUUTEJIHHO
MeHbIIle, YeM B KOHTPOJIBHOU TPyIIle, B TeUEHHE
Bcero nepuoja Habmofenuii. Hanbosiee BbIpaskeH-
HbIE U3MEHEHUs TaKKe 3a(DUKCUPOBAHbBI B TIEPBYIO
HEJIeJII0 TIOCJIE 3aBepIleHus HeOJIarompusaTHOTO
BO3JIeHCTBHUA. Pa3HUIIA II0 MOKA3aTEI0 «ILJIOIIAh
SIIUTEJIUSI» COCTaBUIA 21,04 U 21,37 % Ha IepBbIe U
ce/lbMble CYTKU COOTBETCTBEHHO; Ha IATHA/IAThIe
CyTKU — 14,84 %. Ha Tpuanarbie U 1IECTUIECATHIE
CYTKH IUIONIA/Ib SIUTEUs OCTAETCS CHI)KEHHOU —
Ha 9,70 1 8,34 % cOOTBETCTBEHHO (pHC. 1).
DOLTUKYISIPHO-KOJIJTOUAHBIA UH/IEKC ObLT CHU-
JKEH B T€UEHHe BCEero mepuoyia HabJIIIeHNH, ¢ MaK-
CHMYMOM Pa3JINUHNi TAKXKe B IEPBYIO HEJIEITIO ITOCTIE
3aBepIIeHNsI THTOKCUKAIUK. B 1mepBble U cebMbie
CYTKH OH COCTaBHJI 0,77 + 0,02 1 0,75 + 0,02 COOT-
BETCTBEHHO, 4TO Ha 36,88 u 36,52 % HiKe, UeM B

15" and 30t days of the experiment this parameter
slightly increases — to 0,86 + 0,03 and 0,92 + 0,03,
respectively, but in comparison with the control
group it remains decreased by 24,24 and 18,85%,
respectively. On the 6oth day the follicular-colloid
index is 0,87 + 0,03, which had no statistically sig-
nificantly differences in comparison with the control
group. In the TI group, the correlations between the
parameters studied are similar to those in group K
(Table 2). However, it should be noted that the rela-
tionship between the follicle area and the colloid area
increases slightly and is r, =092, and between the
follicle area and the epithelium area decreases to
r,=0,79. There is also a moderate direct correlation
between the colloid area and the epithelium area
(rxy = 0,48). A negative correlation (r_ = -0,61), asin
the control group, was revealed between the follicu-
lar-colloid index and the colloid area; a moderate
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Puc. 1. zmenenus (%) mwiomaneit kosonsa (S_C), suurenus (S_Ep) u ¢osutukysos (S_F) nmociie Bo3aencTBus
TOJIyOJIa B CPABHEHUU C IPYIIION KOHTPOJIs (¥CTaTUCTUYECKH 3HAUMMBbIE PA3JIMYUS [10 CPABHEHUIO C TPYIIIIONA KOHTPOJIA)
Fig. 1. Changes (%) in the areas of colloid (S_C), epithelium (S_Ep) and follicles (S_F) after toluene exposure compared

to the control group (differences are statistically significant (p < 0,05) when compared to the control group)

rpymme KoHTposiss. Ha msaTHaAIAThie W TPUALIATHIE
CYTKU HaOJII0/IEHUH JIAaHHBIN IT0Ka3aTeb HECKOJIBKO
BO3pacTaeTr — /10 0,86 + 0,03 u 0,92 + 0,03, HO B
CpaBHEHUH C KOHTPOJIEM OCTAETCS CHUKEHHBIM Ha
24,24 u 18,85 % cooTBeTcTBEeHHO. Ha 11ectuzecsaToie
CyTKH (OJUTUKYJISIPHO-KOJUIOU/THBIN MHEKC PaBeH
0,87 + 0,03, YTO CTATUCTUYECKHN 3HAUMMO HE OTJIU-
Yaercs OT rPyIIbl KOHTpoJisa. B rpymme Tl koppests-
[IMOHHBIE B3AUMOCBS3H MEXY HCCJIE/lyeMbIMHU ITapa-
MeTpaMM AaHaJIOTUYHBI TaKOBBIM B rpymme K
(tabs. 2). OgHako HEOOXOJMMO OTMETHTb, UTO
MEK/Ty IUIOIIA/IbI0 (hOJUTHUKYJIIA U TJTOIIABI0 KOJLJIO-
WJla B3aUMOCBSI3b HECKOJIBKO BO3pACTaeT U COCTaB-
JA€T I = 0,92, a MEXK/Y IUIOMazbio QOJUIHKYIa U
IJIOIIAZBIO SIUTEINA CHUMKAETCA 10 ', = 0,79.
MexKy IIOIa/IbI0 KOJJIOU/1A U IJIONIA/IhI0 DITUTETHS
TaK}Ke IPUCYTCTBYET YMEpPEHHAas MpsiMas B3aUMOC-
BA3b (rw = 0,48). BrlsiBNIeHA OTpUIlaTe/IbHAsA CBA3h
(rxy = —0,61), KaKk U B TPYIIeEe KOHTPOJs, MEXKIY
(P OJUTUKYIAPHO-KOJUTOUHBIM HHIEKCOM M ILIOIIA-
JIbI0 KOJUJIOWJIA, YMEpPEeHHas IOJIOKUTEIbHAA CBA3b
(r,, = 0,40) — Mexy HOIUIMKYIAPHO-KOTIOU/HBIM
WH/IEKCOM H IO b0 STTUTEIIHS U OTPHUIATeIbHAS
cBsisb (r, = —0,24) — Mexay (OIUIMKYIAPHO-
KOJUIOUTHBIM WH/IEKCOM U TJIOIA/bI0 (DOJIIHKYJIA.
[TosyueHHBIE JAaHHBIE TOATBEPIKAAIOT PE3YJIbTATHI
01HO(MAKTOPHOTO JINCIEPCHOHHOTO aHAJIM3a BJIUA-
HUSA XPOHUYECKONW WHTOKCHUKAIIUU TOJIyOJIOM Ha
uceeayeMble apaMmeTpsl (Tabist. 3). YcraHOBJIeHA
BBICOKAsA CWJIA BJIUSAHHUSA TOJIyoJIa HAa WU3MEHEHUs
mwiIowmaau Kowionaa (91,45 %), suurenus (94,06 %)
" QOJUTHKYISPHO-KOJUIOUTHOTO UHAeKca (97,87 %)
(Tabi. 3).

positive correlation (rxy = 0,40) — between the follic-
ular-colloid index and the epithelium area, and a
negative correlation (rxy = —0,24) between the follic-
ular-colloid index and the follicle area. The data
obtained confirm the results of the one-way ANOVA
of the effect of chronic toluene intoxication on the
studied parameters (Table 3). A strong influence of
toluene on changes in the areas of colloid (91,45%),
epithelium (94,06%) and the follicular-colloid index
(97,87%) was found (Table 3).

Changes in the Eh group are presented in our pre-
vious paper [2]. In the T1 + Eh group, the follicle area
increases from the 1% to the 60" day from
2053,13 + 16,66 to 2519,78 + 34,84 um? (Table 1).
When compared with the K group, statistically signifi-
cant differences were recorded only on the 30" and
60" days: this parameter was 5,20 and 5,03% lower,
respectively, than in the control group. When compar-
ing this parameter between the T1 + Eh and Tl groups,
statistically significant differences were not found.
Throughout the experiment, the colloid area increases
from 1057,31 + 20,05 to 1286,17 + 32,21 um?. In com-
parison with the control group, this parameter was
statistically significantly higher on the 1%, 7% and
15" days of the experiment — by 15,31, 9,64 and
10,85%, respectively. At the same time, in comparison
with the groups that did not receive Echinacea pur-
purea, a decrease in this parameter is noted. Statisti-
cally significant differences were revealed on the 1%, 7
and 3o™ days — by 7,85, 11,22 and 13,90%, respec-
tively. The epithelium area from the 1 to the 60" days
increases from 995,82 + 23,26 t0 1233,62 + 26,31 um>.
The data obtained are lower than the control group
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Ta6una 2. KoppensiuoHHble CBA3W MeX/y TapaMeTPaMH B IPYIIIe KOHTPOJISA U 3KCIIepUMEHTaIbHbIX TPyIIIax
Table 2. Correlations between parameters in the control and experimental groups

KonTtpouis / Control Tosyos / Toluene

K S_C S_Ep S_F FCI Tl S_C S_Ep S_F FCI
S_C 1 S_C 1

S_Ep 0,44 1 S_Ep 0,48 1

S_F 0,83 0,87 1 S_F 0,92 0,79 1

FCI -0,59 0,47 -0,04 1 FCI -0,61 0,40 -0,24 1
dxuHaues / Echinacea purpurea Tostyou1 + axuHaues / Toluene + Echinacea purpurea
Eh S.C S_Ep SF FCl Tl + Eh S.C S_Ep SF FCl
S_C 1 S_C 1

S_Ep -0,58 1 S_Ep -0,71 1

S_F 0,45 0,47 1 S_F 0,21 0,54 1

FKI -0,93 0,84 -0,08 1 FKI -0,92 0,93 0,20 1

Ipumeuanue. K- rpynna kourposs; S_C - miomaab koanonsa; S_Ep - miomans anutenus; S_F - miomaab ostukyna; FCI -
dosuKynsipHO-KoOUAHBIN UHAEKC; Eh - axuHanes.
N o t e . K- control group; S_C - colloid area; S_Ep - epithelial area; S_F - follicle area; FCI - follicular-colloid index; Eh - Echinacea purpurea.

N3menenuss B rpynme Eh mpeacraBieHsl B
Haire# npeapiayineit pabore [2]. B rpynne T1 + Eh
IUIOMAAh (HOJUIUKYJIOB YBEJIUUUBAETCA C TEPBBIX
1o IeCcTUjlecsAThle CyTKU € 2053,13 + 16,66 10
2519,78 + 34,84 Mxm? (cM. Tab:1. 1). [Ipu cpaBHeHUU
¢ rpynmoi K craTucTUYecKy 3HAYUMBbIE Pa3IAdHs
ObUTH 3aPUKCUPOBAHBI TOJIBKO HA TPUALATBIE U
[IIeCTU/IECAThIE CYTKH — Ha 5,20 U 5,03 % COOTBET-
CTBEHHO JIaHHBIA IIOKa3aTesb ObLI HIDKE, YEM B
rpyiie KOHTpoJis. [Ipyu cpaBHEHUU TaHHOTO MTOKa-

values on the 1%, 7" and 15" days — by 11,40, 10,61 and
10,38%, respectively. On the 30" and 60™ days, the
extent of changes decreases to 5,79 and 4,81%, respec-
tively. Compared with the Tl group, this parameter
was higher throughout the experiment, especially on
the 1% and 7" days — by 12,21 and 13,70%, respectively.
The follicular-colloid index changes similarly to the
previous parameter. On the 1%, 7" and 15" days, this
parameteris 0,94 + 0,04, 0,96 + 0,03 and 0,92 + 0,02,
respectively, which is lower than in the control group

Ta6siuna 3. Pe3ybTaThl 04HOGAKTOPHOrO JUCIEPCHOHHOTO aHAIN3a BJAUSIHHUS XPOHHUYECKON HHTOKCHKALIMH TOJIYOJI0M Ha
uccieyeMble TapaMeTphl
Table 3. Results of the one-way ANOVA of the effect of chronic toluene intoxication on the studied parameters

Iloka3aTtesnb / Parameter F e/ Fexie h h*xm?

S_C.TI 51,12* 4,96 0,9145 0,836 £ 0,164
S_C_Eh 14,65* 4,96 0,7709 0,594 £ 0,041
S_K_Tl+ Eh 7,84* 4,96 0,6629 0,439 + 0,056
S_Ep_Tl 76,84* 4,96 0,9406 0,885+0,011
S_Ep _Eh 37,54* 4,96 0,8886 0,789 £ 0,021
S_Ep_Tl + Eh 15,52* 4,96 0,7798 0,608 £ 0,039
S F.TI 0,014 4,96 0,0380 0,001 £ 0,099
S_F_Eh 3,95 4,96 0,5323 0,283 +£0,072
S_F_TI+Eh 0,019 4,96 0,1397 0,019 £ 0,098
FCI_TI 226,88* 4,96 0,9787 0,958 + 0,004
FCI_Eh 29,37* 4,96 0,8637 0,746 £ 0,025
FCLT] + Eh 19,70* 4,96 0,8144 0,663 +£0,033

IpuMevaHnusda. F- oTHoleHUe JUcnepcui; F o — TabJM4HOE 3Ha4YeHHue; h - KoppesAlNMOHHOe OTHoIeHue; h® £ m,* - KBajpar
KOPPEeJISIIMOHHOT0 OTHOLIEHUs U ero cpeiHss omunoka; S_C - mioma/b Koonaa; S_Ep - mowmaae snutenust; S_F - miowmaas Gosinkyna;
FCI - dosnnukynsspHo-KoJIOUAHbIH uHAEKC; T1 - rpynna Tosyosa; Eh - rpynna axuHaneu.

* CTaTHCTHYeCKast 3HAYUMOCTDb pasanduil Mexay F u F kput.

N o t e . F-variance ratio; F_, - critical value; h - correlation ratio; h* + m,* - square of the correlation ratio and its mean error; S_C - colloid
area; S_Ep - epithelial area; S_F - follicle area; FCI - follicular-colloid index; T1 - toluene group; Eh - Echinacea purpurea group.
* Statistical significance of differences between F and F

crit”
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3aresiss Mmexkay rpynmnamu Tl + Eh u Tl cratuctuue-
CKH 3HAUYMMBIX Pa3Jnuuuil 3aUKCHPOBAHO HE
6nL10. Tln01maAp KoJTOUIa 3a BeCh IePHOoy, HabJIr0-
JleHUs Bo3pacTaeT ¢ 1057,31 + 20,05 0
1286,17 + 32,21 MKM>. B cpaBHeHUU ¢ KOHTPOJIEM
JIAaHHBIN IMOKa3aTeJIb CTATUCTHYECKH 3HAUUMO ObLI
BBIIIIE HA IIEPBbIE, CEIbMbIE U IATHA/IAThIE CYTKH
9KCIIEpUMeHTa — Ha 15,31, 9,64 u 10,85 % cooTBeT-
cTBeHHO. IIpu 3TOM, B CpaBHEHHH C TPYyNIIaMU, HE
MMOJIYYaBIIUMU SXHHAIEI0, OTMeYaeTcs CHUXKEHHE
maHHoro mapaMerpa. CTaTHCTUYECKH 3HAUYNMBbIE
pasuuMs YCTAHOBJIEHBI HA IEPBBIE, CEebMbIE U
TpUALIATHIE CYTKU — Ha 7,85, 11,22 1 13,90 % COOT-
BETCTBEeHHO. ILiomanp SHUTENTUs] C IEPBBIX II0
IIIECTU/IECSAThIE CYTKH BO3pAcCTaeT ¢ 995,82 + 23,26
0 1233,62 + 26,31 MkM>. IlosiyyeHHbIE JTaHHBIE
HUKe 3HAUEHUH KOHTPOJIbHOU TPYIIIIBI HA TIEPBEIE,
ceZIbMble U MATHAIIAThIE CYTKU — Ha 11,40, 10,61 &
10,38 % coorBeTcTBeHHO. Ha TpuAIiaTeie 1 1MIECTU-
JIeCSIThIe CYTKH BBIPA’KEHHOCTh U3MEHEHUH YMEHb-
maeTcs 710 5,79 u 4,81 % cooTBeTcTBEHHO. B cpaB-
HeHun c¢ rpynmo# Tl gaHHBIE OKa3aTesab ObLI
BBIIIIE B TEUEHHE BCETO MEPHO0a HAOTIOAEeHHs, 0CO-
OEHHO Ha IEepBBbIE U CEJbMbIE CYTKU — HaA 12,21 U
13,70 % COOTBETCTBEHHO. DOJITHKYISAPHO-KOJLIO-
UIHBINA UHAEKC U3MEHAETCS aHAJIOTHYHO MPeAbIIy-
meMy rmapaMmerpy. Ha mepsbie, ceZibMble U TSTHA/I-
IaThle CYTKHA JIAaHHBIM II0Ka3aTelb COCTABJIAET
0,94 + 0,04, 0,96 + 0,03 1 0,92 + 0,02 COOTBET-
CTBEHHO, YTO HHUJKE, UeM B I'DYIIIe KOHTPOJISA, Ha
23,04, 18,78 u 19,39 % coorBercTBeHHO. Ha Tpua-
1aTble W IIMECTU/IECSAThIE CYTKH 3HAYEHHsS DTOTO
MMOKa3aTeJsisl MPUOIMKAIOTCS K KOHTPOJIbHBIM. [Ipu
cpaBHEHUH (HOJUTHKYJISIPHO-KOJIJIOUTHOTO UHJIEKCA
B rpynnax Tl + Eh u Tl ormeuaeTcst ero moBbllieHe
B T€UEHHE BCETO Mepuoja Hab oeHus. CTaTUCTH-
YeCKH 3HAYMMble U3MEHEHHs OTMEUYEHBbI Ha Iep-
BbI€, CeIbMbIE U TPUAIIAThIE CYTKH — HA 21,93, 27,94
u 21,50 % coorBercTBeHHO. B rpymnme Tl + Eh xop-
PEeJISAIIMOHHBIE CBABU MEXY HCCIIEelyeMbIMU I1apa-
MeTpaMHi aHAJOTHYHBI TAaKOBBIM B rpymie Eh (cm.
Tabs1. 2). CWIbHasA OTPUIIATEIbHAS CBSI3b YCTAHOB-
JieHa MeXAy (GOJUTHKYJISIPHO-KOJIJIOUTHBIM HHJIEK-
COM M IUIOIA/bI0 Kostonza (r, = —0,92), a CUJIb-
Hasl TOJIOKUTEJIbHAS CBsA3Bh — MEXAY (GOJIHKY-
JIIPHO-KOJUIOWTHBIM MHIIEKCOM U TLJIOIIA/IbI0 BITH-
Tenus (r, = 0,93). U yeusuBaercst oTpunaTesbHast
CBSI3b MEXK/Y IUIOIIAABI0 KOJUIOWJA U TLIOINAbIO
SIIUTEINS (rxy = —0,71). OHODAKTOPHBIN JUCIIED-
CHOHHBIH aHaIW3 IOKa3aJl, YTO OJHOBPEMEHHOE
BO3JIEHCTBHE TOJIY0J1a U DXWHAIIEH BIUSET Ha U3Me-
HeHUs IIoIaau Kostousa (Ha 66,29 %), suuTenus
(ma 77,98 %) u GOIHKYIIPHO-KOIOUTHOTO
ungekca (ua 81,44 %) (cm. Tabi. 3).

by 23.04, 18,78 and 19,39%, respectively. On the 30th
and 60th days, the values of this indicator approach
the control ones. When comparing the follicular-col-
loid index in the Tl + Eh and Tl groups, its increase is
noted throughout the experiment. Statistically signifi-
cant changes are revealed on the 1%, 7 and 30t days —
by 21,93, 27,94 and 21,50%, respectively. In the
Tl + Eh group, the correlations between the parame-
ters are similar to those in the Eh group (Table 2).
A strong negative correlation was found between the
follicular-colloid index and the colloid area
(rxy = —0,92), and a strong positive correlation —
between the follicular-colloid index and the epithe-
lium area (rxy = 0,93). And a negative correlation
between the colloid area and the epithelium area
strengthens (rxy = —0,71). The one-way ANOVA
showed that the simultaneous toluene and Echinacea
purpurea exposure affects the changes in the colloid
area (by 66,29%), epithelium area (by 77,08%) and
the follicular-colloid index (by 81,44%) (Table 3).

DISCUSSION

The results obtained during our study confirm
and complete the previously presented data on the
qualitative and quantitative structural changes in the
thyroid gland in rats after a 60-day toluene intoxica-
tion [5]. The changes revealed indicate a decrease in
functional activity of the thyroid gland, which is
associated with adverse effects caused by epoxy res-
ins, which were composed of toluene since their
metabolites trigger a chain of free-radical processes
and launch the development of oxidative stress, lead-
ing to damage to cellular structures [6]. According to
Morozov and Luzin [7], toxic factors enhance lipid
peroxidation, free radical formation and activate the
expression of apoptosis-related genes. Maximum
changes are observed by the end of the second month
of intoxication, which is comparable with the results
after a 60-day exposure to other toxicants, such as
epichlorohydrin [6] and sodium benzoate [7]. At the
same time, according to [8], after discontinuation of
toxicant exposure, thyrocytes are able to recover
their morphofunctional state partially or completely,
which is confirmed by the results of the present
study. Previously, it was shown that Echinacea pur-
purea stimulates secretory function of the thyroid
gland without structural disorganization and cell
damage [2]. We found that for such a parameter as
the follicle area, in rats from the Echinacea pur-
purea + toluene exposure group, compared with ani-
mals that did not receive Echinacea purpurea, dif-
ferences were insignificant throughout the experi-
ment. Apparently, this is due to the fact that the
herbal preparation stimulates the growth of follicu-
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OBCYKAEHUE

[TosyueHHbIE B JAaHHOH paboTe Pe3yIbTaThI IO~
TBEPIK/IAIOT U JIOMOTHAIOT IIPE/ICTABJIEHHbIE PaHee
JIaHHBIE O KAYeCTBEHHBIX U KOJINUeCTBEHHBIX CTPYK-
TYPHBIX IpeoOpa30BaHUAX IIUTOBUIHOHN »KeJie3bl
KpBIC IIOCJIE 60-ZHEBHOW HHTOKCHUKALIMU TOJIYO-
goMm [5]. BblABIEHHBIE U3MEHEHHUsS CBU/ETeJb-
CTBYIOT O CHIDKeHUU QYHKITMOHAIBHOU aKTHBHOCTH
IIUTOBU/THOU JKEJIE3BI, UTO CBSI3AHO C IOBPEK/IAIO-
UM JleficTBHEM 3IIOKCUHBIX CMOJI, B COCTaB KOTO-
PBIX BXOZUT TOJIYOJI, TAK KaK MPOIAYKTHI UX METa00-
JIM3Ma aKTUBHUDYIOT LEelb CBOOOIHOPAAMKAIBHBIX
IIPOIIECCOB U MOTEHIUPYIOT Pa3BUTHE OKCHATHUB-
HOTO CTpeCca, MPUBOSAIIETO K IOBPEK/EHUAM KJle-
TOYHBIX cTPYKTYp [6]. I[To nanaemM B.H. Mopososa
u B.U. JlysuHa [7] Tokcuueckue aKkTOphI YCUIIH-
BaIOT IePEKHCHOE OKUCJIeHHE JUIU/IOB, 00pa3oBa-
HHe CBOOOMHBIX PAJIUKAJIOB M AKTUBUPYIOT DKC-
[IPeCCHI0 I'eHOB, OTBETCTBEHHBIX 32 IIPOIIECCHI AIIOTI-
To3a. MakcuMasibHble CABUTH HAOJIIONAIOTCI K
KOHITy BTOPOTO MeCSIa WHTOKCHKAIUU, UTO COIIO-
CTaBUMO C pe3yJbTaTaMH, IOJyYeHHBIMU II0CJIe
60-CyTOYHOT'O BO3/IENCTBUA U IPYTUX TOKCUUECKUX
(akTOpOB, TAaKUX KaK SMUXJIOPTUAPUH [6] u GeH-
30aT HaTpus [7]. IIpu aToM, 1o AaHHBIM [8], TOCTE
OTMEHBI JEHCTBUS TOKCUYECKOTO (paKTopa THUPO-
OUTHl CIOCOOHBI BOCCTAHABJIMBATH CBOE MOPGO-
(pyHKITMOHAIBPHOE COCTOSIHME YACTHUYHO WJIN II0JI-
HOCTBIO, UTO IOATBEPIKAAIOT PE3YJIbTAThl HACTOS-
Iero uccieoBaHuA. Panee ObLIO YCTaHOBJIEHO,
YTO HXUHAIES CTUMYJINPYET CHHTETUIECKYIO aKTHB-
HOCTHh IIUTOBUIHOHN »Keyie3bl 06e3 HapyIlIeHUs ee
CTPYKTYPHOU OPTaHU3AINHU U TOBPEXKAEHUS KIETOK
[2]. B manHoO# paboTe MbI BBISABUJIN, YTO B OTHOIIIE-
HUHM TAKOTO IOKa3zaTesisl, KaK IUIOMaAb (hOJITUKY-
JIOB, ¥ KPBIC, KOTOPBIM BBOJWJIN SXUHALEI0 HA (OHE
BO3/IEHCTBHA TOJIY0JI1a, B CDABHEHHUH C KUBOTHBIMH,
He TOJIyYaBIIMMU KOPPEKTOp, Pa3juuus ObLIH
HEeJIOCTOBEPHBIMHY B TE€UEHHE BCETO IEPHO/IA HADITIO-
ZeHusA. Bupmmo, 3To CBA3aHO ¢ TeM, YTO IIpemapar
CTUMYJIUPYET POCT (GOJUTUKYIAPHOTO SIUTETUS U
VCIUIMBAeT pe30pOLHI0 KOJIONAA, O YeM CBHJIe-
TeJIbCTBYIOT CTATUCTUUECKU 3HAUNMOEe yBeJInueHue
IJIOIIAAY DIIUTEJINSA U YMEHbIIIeHNe TIIOIIAIN KOJI-
Jionusia. 3a CUeT STUX B3aNMMOCBSI3aHHBIX IIPOIECCOB
obmras maomanb GOUTUKYIOB OCTAETCS MOCTOSH-
HOH. II3MeHeHUs COXPAHSIIOTCSA B Te€YEHUE TIEPBOTO
MecsIa II0C/Ie 3aBEPIIEHUsS JKCIIEPUMEHTATHHBIX
BO3/IEHCTBUH, a K KOHILy BTOPOTO MecsIia Bce IoKa-
3aTead MPUOJIMIKAIOTCI K KOHTPOJIBHBIM 3Hade-
HUSM, YTO MOXKET CBUJIETEJILCTBOBATH O CTAOMIIH3a-
IIUHM U3y4aeMbIX CTPYKTYP, BOCCTAHOBJIEHUU (PYHK-
MU TUPOITUTOB ¥ TOPMOHAJIBHOTO OayiaHca. DXUHa-
mes MypIypHas o00JafaeT IPOTEKTOPHBIM JIei-

lar epithelium and enhances colloid resorption, as
evidenced by a statistically significant increase in the
epithelium area and a decrease in the colloid area.
Because of these interrelated processes, the total fol-
licle area remains constant. The changes persist for
the first month after discontinuation of experimental
exposure, and by the end of the second month, all
parameters approach the control values, which may
indicate stabilization of the structures studied, recov-
ery of thyrocyte function and hormonal balance.
Echinacea purpurea has a protective effect and ame-
liorates endocrine changes in the hypothalamic-pitu-
itary-thyroid axis induced by chronic inhalation
exposure to epoxy resins [9]. Histomorphometric
evaluation of thyroid follicles will allow predicting
the risks of developing endocrine disorders and com-
plications during recovery after long-term exposure
to toxic agents emitted into the air [10].

CONCLUSION

Morphological changes in thyroid follicles of mature
rats after chronic intoxication with toluene vapors at a
concentration of 500 mg/ms3 indicate a decrease in the
functional activity of the organ. The colloid-epithelium
ratio in the follicles changes. The maximum differences
were revealed during the first week after discontinua-
tion of toxic exposure — the colloid area increases by
25,13%, the epithelium area decreases by 21,37%, the
follicular-colloid index decreases by 36,88%. The
strength of the effect of toluene on all parameters is
above 90%. In daily administration of Echinacea pur-
purea at a dose of 200 mg/kg amid toluene exposure,
the growth of follicular epithelium and colloid resorp-
tion, influencing the follicular-colloid index, enhances
(rxy = 0,93 and r,=-092, respectively). The effect of
the herbal preparation persists for a month after dis-
continuation of experimental exposure — the colloid
area decreases by 13,90%, and the follicular-colloid
index increases by 21,50% compared to groups of rats
that did not receive Echinacea purpurea tincture dur-
ing toluene intoxication.

Thus, experimental evidence of the effectiveness
of Echinacea purpurea administration in chronic
toxic pollutant exposure will contribute to the expan-
sion of its use for medical and preventive purposes,
in the combined treatment of endocrine diseases and
to increase the tolerance, resistance and adaptive
potential of the body to the action of exogenous
agents, in disorders both in the peripheral endocrine
organs and in cell membranes and structural compo-
nents of different cells of the body.
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CTBMEM W HOPMAaJIM3YET SHAOKPUHHbIE U3MEHEHUS
[0 THIIOTAJIaMO-THIIO(PU3APHO-TUPEOUTHON OCH,
WHYIUPOBAHHBIE XPOHUUYECKUM HHTAJISIIIHOHHBIM
BO3/IECTBUEM SIOKCUHBIX ¢cMoJI [9]. T'mcTtomop-
domerpuueckoe rcciesoBanue POTUKYIIOB IITUTO-
BUIHOU KeJIe3bI II03BOJIUT CITPOTHO3UPOBATH PUCKH
Pa3BUTHS SHAOKPUHHBIX HAPYIIEHUH U OCJIOXKHE-
HUI B IIpoIlecce BOCCTAHOBJIEHUS OPTaHU3Ma ITOCIe
JUTUTEIBHBIX BO3/IECTBUY TOKCUKOAT€HTOB, BHIOpA-
ChIBAaEMBIX B BO3JIyIIHYIO cpexay [10].

3AK/JIOYEHUE

Mopdonoruueckre wusMeHeHUs (OJIIUKYIIOB
IUTOBHUTHOMN KeJIE3bI IMOJIOBO3PEJIBIX KPBIC ITOCTIE
XPOHHUYECKOW WHTOKCHUKAIIMK IapaMH TOJIyoja B
KOHITEHTpAIIUK 500 MT/M3 CBU/IETEICTBYIOT O CHU-
JKeHUH  (QYHKIIMOHAJIBHON aKTUBHOCTH OpraHa.
B dosnkynax u3meHseTca COOTHOIIEHHE KOJLIO-
uaa u dnuTesus. MakCUMyM pa3jImduil yCTaHOBJIEH
B TeUyeHUE IEePBON HENEeJH II0C/Ie 3aBepIIeHUs
HeOJIarONPUATHOTO BO3AEUCTBUSA — IJIOMIA/h KOJI-
JIOU7Ia YBEJIMUYUBAETCSA Ha 25,13 %, IUIOMIA/b SIUTE-
JUs yMeHbIlaeTcsa Ha 21,37 %, (GOJUIMKYIISPHO-
KOJUIOUJIHBIA MHJIEKC CHIXKaeTcsa Ha 36,88 %. Cuna
BJIMSTHUS TOJIyOJIa HA BCE IMOKA3aTeJIN — BhIIIE 90 %.
[Ipu exeHEBHOM mpueMe Ha (POHE BO3JEUCTBUSA
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