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Pe3iome

V3yyamy BIMSIHYME COUETAHMSI DIYTaMMI-LMCTeMHWI-IIMLIMHA OUHATPYS U GeNakBWIVHA HA JIeUueHMe MYJIbTU-
PE3UCTeHTHOTO TyOepKyJsie3a y KpPOIMKOB pa3Horo Bospacra. KoMOGMHMpPOBaHHAs Tepamnus yaydliaga COCTOSHME
SKMBOTHBIX, YMEHbIIIaJa BOCIIAJeH)e Y pa3Mepbl MOPaskeHMii B JIETKMX, 0CO6eHHO 3P deKTUBHO MPOSIBIISIS ceOst
Y TOKWIIBIX 0co6eii. [loyueHHbIe JaHHbIe MOAYEPKMBAIOT 3HAUMMOCTD YUeTa BO3pacTa MalyieHTa Ipy Ha3Hayue-
HUU NIPOTUBOTYOEPKY/I€3HOI TepaInu.

AKTYAJIBHOCTD. Bricokast 3a60/1eBaeMOoCTb TyOepKyIe30M U TPYIHOCTY €ro JIeueHusl y JIUIL CTapLIMX BO3PACcTOB
SIBJISIIOTCSL aKTYasIbHOJ Ipo6ieMoit GpTusmuaTpuy u repuatpun. Pactyuias geKapcTBeHHas! YCTOMUMBOCTb MUKO-
GaKkTepuit 1 yBeIMUeHre KOIMUecTBa O0IbHBIX C UMMYHOAEDUIIMTHBIMI 3a00/I€EBAHUSIMI O0YCIOBINBAET TIOMCK
" pa3paboTKy HOBBIX JIEKAPCTBEHHBIX CPeACTB. [IyTaMmI-UMCTeMHUI-TVIMIVH OVMHATPUS TI0Ka3a/l BBICOKYIO 3¢-
(beKTMBHOCTD KaK CPeACTBO MPOGIIAKTUKMA U JIe4eHMs BTOPUUHBIX MMMYHOLe(UIIMTHBIX COCTOSIHUI, acCOLUN-
POBaHHBIX C PagVAIVIOHHBIMM, XMMUUECKUMU U MHPEKIMOHHBIMY (hakTopaMu. SIBISSICh CTPYKTYPHBIM aHAJIO-
rOM OKMCJIEHHOTO ITyTaTMOHA, NIYTaMWI-IMCTeMHUI-TIMIVH OVHATPUST 06/1aJaeT BbICOKO 6MOLOCTYITHOCTBIO,
MOZIYIMPYIOIIMM JefiCTBYeM Ha BHYTPUKIETOUHBIE ITPOIIECCh TMOIOBOTO 06MeHa, CI0CO6CTBYeT MHULIMAIIVN CH-
CTeMbl IMTOKMHOB, aKTUBALVY (arounTosa. [ImyTaMuia-1yucTeMHWI-IIMLMH JUHATPUS pa3pelieH K TPUMeHEeHMIO
py Ty6epKyIese JIerkux, OfHaKo BO3pacT-accoluupoBaHHble 3 deKThl He M3yJanuch.

LEJIb UCCIIEJOBAHMHS. OueHKa BO3pacT-acCOMMPOBAHHBIX 3P HEKTOB ITyTaMWI-IVCTeMHWI-ITINIVHA IVHA-
TPUSI B COUETAHHOM IPUMEHEHUY ¢ 6eIaKBUIMHOM IIPYU MYJIbTUPE3VCTEHTHOM TYy6epKyJie3e y KPOIMKOB.
MATEPHAJIBI 1 METOJBI. Boutn copmupoBaHbl 3 Ipymiibl Mo 25 KPOJMKOB B KaKIOW CO CTAHAAPTHBIMU
71a60paTOPHBIMM YCIOBUSIMM COfEepskaHus: 1-s1 — sKMBOTHBIE Mojiomoro Bospacra (1 rom), macca tena — 1000-
1200 r; 2-g — XMBOTHbIE CpefHero Bo3pacra (4 roga), macca tena — 1700-1900 r; 3-s1 — >KMBOTHbBIE ITOXKUJIOTO
Bo3pacra (7 net), macca tena — 2000-2300 r. B kaXmoit BO3pacTHOII rpyrie 6blI0 BbIIeTEHO M0 3 TOATPYIIIBI:
1-a (n = 5) — KOHTpOS 3apaskeHusI (3apaskeHHbIe JXUBOTHBIe, 6e3 iedeHns1); 2-51 (n = 10) — KOHTPOJISI JTeueHust
(3apakeHHbIe XMBOTHbIE, ITOJTyYaBIle TOJbKO 6eIakBUINH); 3-g (n = 10) — ocHOBHas (3apaskeHHbIe KMBOTHbIE,
rosyvasiuve 6eJakBWIMH + [IyTaMMUI-IUCTEMHWI-IIMIMH AMHATPUST). Takum obpa3om, 66U10 chOpMIPOBAHO
JeBSTh MOArpymI: 1.1 — moArpymnmna KOHTPOJIS 3apaskeHNsI SKMBOTHBIX MOJIOLOTO BO3pacTa; 2.1 — MoArpymnmna KoH-
TPOJISL 3apaskeHNs SKMBOTHBIX CpeJIHero Bo3pacra; 3.1 — MoArpymnmna KOHTPOJIST 3apakeHMs SKMBOTHBIX TTOXKMUIIOTO
BO3pacTa; 1.2 — moArpymnmna KOHTPOJS Je4eHNs SKMBOTHBIX MOJIOAOTO BO3pacTa; 2.2 — MOATPYIIa KOHTPOJIS Jie-
YeHMS )KMBOTHBIX CPeJJHero BO3pacTa; 3.2 — MOATPYyIIa KOHTPOJIS JIeueHMs KMBOTHBIX IIOKMUJIOTO Bo3pacTa; 1.3 —
OCHOBHasI IMOATPYTINa JXMBOTHBIX MOJIOJOTO BO3pacTa; 2.3 — OCHOBHAsI ITOAIPYIINa KMBOTHBIX CPeHETO BO3PacTa;
3.3 — OCHOBHasI IIOATPYIIIA XMBOTHBIX MOXKMUJIOTO BO3pacTa. 3apaskeHye IMPOBOAMIN BHYTPUBEHHO KIVMHUYECKUM
mramMMoM M. tuberculosis ¢ MHOKeCTBEHHOJ1 JIeKapCTBEHHOM YCTOMUMBOCTBIO. JleueHne 6eTaKBUIMHOM U ITyTa-
MWI-UUCTeMHWI-IJIMIMHOM AVMHATPUSI HAUMHAIOCh Ha 3-ii meHb 1mocie 3apakenusi. Habmogany 3a cocTosiHreM
SKMBOTHBIX, QU3MYECKOI aKTMBHOCTbIO, ITOTPebIeHreM MUY U BOZBI, JUHAMUKOI Beca. Vicionb3oBanu KT ner-
KMX ¥ TeCThl Ha PeaKkUMIO TUIIePUYBCTBUTEIBHOCTY. [JJaHHbIe 06pabaThIBaMMCh C TOMOLIBIO ITaKeTa IIPOrpaMM
Statistica 7.0.

PE3VJIBTATDBI. MOHMTOPMHT COCTOSIHMS KMBOTHBIX Uepe3 6 HeJle/lb I0C/Ie 3apakeHMs MO3BONINUI MTOTYIUTh Clle-
IyloIyie pe3yabTaThl.

Monodsie kponuku (1 rom). [Toarpyrna KOHTPOJIS 3apaskeHMsI: TIIOX0€ COCTOSIHNE, HM3Kast aKTMBHOCTb, MaJjioe I10-
Tpe6eHye MUY 1 BOAbL. IIoArpyIIa KOHTPOIS TIe4YeHUsI : YO0BIEeTBOPUTEIbHOE COCTOSIHIME, XOPOLIast aKTUBHOCTb,
HOpMaJIbHOe NOTpebieHre iy ¥ Bofgbl. OCHOBHAS MOATPYIIIIA: OTIMYHOE COCTOSIHME, MaKCHMalbHasl aKTUB-
HOCTb, YCWJIEHHOE TIOTpeGIeH e TV M BOAbI.

Kponuku cpednezo so3pacma (4 roga). [lonrpymnmna KOHTPOJISI 3apakeHusI: II7I0X0e COCTOSIHME, CHMKE@HHAsT aKTUB-
HOCTb, MaJioe IToTpeGneHye UM ¥ Bombl. [ToArpyIna KOHTPOMS JIeUeHMs: YOOBIeTBOPUTEIbHOE COCTOSIHME,
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Xopoliasl aKTVBHOCTb, ITOBBIILIEHHOe IToTpebieHyie muiy ¥ Bogbl. OCHOBHASI ITOATPYIIIA: XOpOLIee COCTOSIHME,
BBICOKAST aKTUBHOCTD, yMepeHHOe TOTpebIeH e TIUIIY U BOJIbI.

Kponuxu noxunozo eo3pacma (7 net). Ilogrpymnma KOHTPO/IS 3apakeHMsI: KpDUTUUHOE COCTOSIHME, CUIIbHAsI TIOTepst
aKTVBHOCTY, MUHVIMAaJIbHOE ITOTpebIeHye MM 1 BOLbl. [lofrpyIina KOHTPOIS JTeYeHNsI: YI0BIeTBOPUTENIbHOe
COCTOSTHYE, XOPOLIasi aKTUBHOCTb, IOCTATOYHOE MOTpebeHye muiy 1 Bogbl. OCHOBHAS MOATPYIINA: YIOBIETBO-
pUTeNbHOE COCTOSIHYE, CPeHSISI aKTUBHOCTD, CpeIHMe TT0Ka3aTes Iy NoTpebaeHysI UM U BOIBI.

B mepBbIe 3 Heneny 1ocie 3apaskeHysi OTMeYeH IPMPOCT Macchl Tela BO BCeX MOATPYIaX, B 4-10 U 5-10 Henenyu
Ha (poHe OTUEeT/IMBOTO CHMKEHUSI 3TOTO [T0KA3aTess B MOATPYIIIax KOHTPOJIS 3apaskeHUsI M KOHTPOJISI JIeYeHMs Ha-
6/TI0[1a/T TTOBBILIIEHNME CPeHe) i MacChl SKBOTHBIX B OCHOBHBIX ITOATPYIINaX. B OTBET Ha BHYTPUKOKHOE BBeIeHMe
Mpo6bI ¢ TyOepKy/Ie3HbIM PEKOMOMHAHTHBIM aysiepreHoM («[IMacKuMHTeCT») yepe3 18 mHelt mocie MHOKYISIUN
MMKOOaKTepuii Ty6epKyie3a y MHTaKTHbIX 9KCIIePMMEeHTATbHBIX SKMUBOTHBIX OTMEUaIy OTPULIATEIbHYIO PeaKInio,
Y BCeX MOJENbHBIX KPOIMKOB PErMCTPUPOBAIYU TOOKUTENbHbBI Pe3yabTaT Mpo6hl B BUAE PasBUTHS 3PUTEMBI
pasmepom (18,50 = 1,49) mm (p < 0,0001), uTO CBUIETETBCTBOBAIO O HAIMYMY CEHCUOMIM3ALINM U TTOATBEPKIA-
JI0 pa3BuTHe TyGepKyne3Horo npouecca. Komnbiorepuast romorpadust (KT) opraHoB IpygHONM KIeTKM KMBOTHbBIX
13 TIOATPYIII KOHTPOJIS 3apaskeHus1 (moarpynisl 1.1, 2.1, 3.1) Bo Bcex 3 M3yyaeMbIX BO3PaCTHBIX IPyIIax noxkasana
Ha/Iyuye KPYIHBIX MOMUIVKINIECKUX MHMMUIBTPATOB reTeporeHHO IVIOTHOCTYM B BEPXHMX IOJISIX JIETKMX, Hau-
6osiee BepoSITHO crieluduueckoro xapakrepa. [[py 3ToM B TpyIIIie SKUBOTHBIX MOXKMIIOTO BO3pacTa maTo(u3nomno-
rnyeckye y3MeHeHMs1 GOPMIUPOBAIUCH ObICTPee M HOCWIM Gonee BhIpakeHHbIT xapakrep. KT opraHoB rpygHoOit
KJIETKV XMBOTHBIX M3 ITOATPYIIIT KOHTPOJIS JiedeHusl (mofrpynnsl 1.2, 2.2, 3.2) BO BCcex 3 M3y4aeMbIX BO3PACTHBIX
TpyMIIax rnokasana Hanmuuye He6oabimx GoKycoB MHGUABTPAIVM B JIETKMX C YIACTKAMU T10 TUITY MAaTOBOTO CTEeK-
na no nepudepun. [Ipu 3TOM HabMOLAeMble M3MeHEeHMs B TPYIINaxX KPOIMKOB CPEIHEro U IOKUIOTO BO3pacTa
HOCWIM Goslee OTYET/IMBBIN XapaKkTep ¥ OTIMYaIVCh GOMbIIell JATUTENbHOCTIO C TeHIEeHLMel K XpOHM3alyN
naronoruveckoro npoiecca. KT opraHoOB rpyJHO K/IeTKM KMBOTHBIX M3 OCHOBHBIX MOATPYII (MOArpynmsl 1.3,
2.3, 3.3) BO Bcex 3 M3yuyaeMbIX BO3PACTHBIX IPYIIax Mokasajaa Haluyye B JIETKMX 04aroBO-MHOUIBTPATUBHBIX
M3MeHeHu ! ¢/1aboii MHTEHCHUBHOCTY, KOTOPbIe MMEIOT MEHBIIYIO BBIPaKEHHOCTh, UM Y JKMBOTHBIX U3 ITOTPYIIIT
KOHTPOJISI JIeUeHUSI COOTBETCTBYIOIIMX BO3PACTHBIX IPYIIL. Y MOJOABIX KPOIMKOB MOC/Ie 3apaskeHMsT HAGII0OAIN
MeJIK/e OYaroBble TeHM B CYOIUIEBPAbHBIX 06IACTSIX JIETKMX, COOTBETCTBYIOIIYE TEPBUYHBIM OUaraM MHOEeKIUN.
V KPOMKOB CPeHEr0 ¥ TIOKUIOTO BO3PAaCTOB GBI BBISIBIEHBI 60/Iee OGIIVIPHBIe MHUIBTPATHI ¥ O4aroBble TEHM,
3aHMMaIoLIVe 3HAUMTENbHbIe YUYaCTKY JIerkKoro. Y KPOAMKOB MOXKMUIOTO BO3pacTa HabGMIonanu MpU3HaKy aKTUB-
HOTO BOCIaJleHMs ¢ HaJIMuMeM 9KCCyiaTa B albBeosax. YBeauueHye pa3sMepoB BHYTPUTPYIHBIX TMM@aTUIeCKUX
Y3J10B, 0CO6€HHO GPOHXOIYIbMOHATbHBIX ¥ TPAXe0OPOHXAIBHBIX, HAGIIOAAIN Y KPOIVIKOB BCeX M3yUaeMbIX BO3-
pacTHBIX Tpymnil. Macca Tesia KpOIMKOB OblIa HeCTAaGMIbHOM Ha MPOTSDKEHUM BCEro SKCIepuMeHTa. Vi3MeHeHus
3aByCeN OT Bo3pacra 1 pexkuma yeuenust. KT nerkux rnogreepayia GopmMupoBaHye Ty6epKyIe3HbIX M3MeHeHMi
pa3HOJi CTeleHy TSHKeCTU B 3aBMCUMOCTY OT BO3PacTa 1 JieueHus. B 11e/10m jiedyeHble KMBOTHbIE IeMOHCTPUPOBA-
JIY Ty4liMe 1T0Ka3aTeny 3[0POBbs, aKTMBHOCTH U allleTuTa 10 CPaBHEHMIO C HeJle4eHbIMMA.

3AKJIIOUEHUME. [lonyyeHHble pe3ylbTaThl MOATBEPXKAAIOT HA/IMUME BOCHAIUTEIbHOIO MPOLecca y SKMBOTHBIX
B ITOATPYIIIIaX KOHTPOJS 3apakeHMsI BCeX BO3pacToB. BocmamrepHble M3MeHeHMs TaKKe HaGII0AaIiCh B OCHOB-
HBIX ITOJIPYIIIIAX Y MOATPYIIIIAaX KOHTPOJIS JIeueHus], TpyueM OHY 6bliv 6osiee BbIpaxkeHbl B mociaeqHux. KT merkmx
B OCHOBHBIX IOZATPYIINax MoKa3ajia MeHee BblpaskeHHbIe 04aroBo-MHGMIBTPATUBHbIE M3MeHeHMs 110 CPaBHEHUIO
C TIOATPYIIIaMy CPaBHEHMs, YTO YKa3bIBaeT Ha IOTEHLMPYIOIlee NeliCTBYe IIyTaMyI-IYCTeMHUI-IUIVHA V-
HaTpus. VccineqoBaHye 1eMOHCTPUPYET OTEHIIMAJ 3TOrO Bel[eCTBa B COYeTaHUM C 6eIaKBWIMHOM U OTKPBIBAET
MePCIIeKTUBBI 7SI €T0 BKIIOYEHNS B CXeMbl JIeueHMs TyGepKyie3a, B TOM YMC/Ie C YYETOM BO3PACTHBIX ACIIEKTOB.

KnroueBble c/10Ba: CJI0Ba: ITyTaMIUI-LVICTEMHII-IIMIVH OUHATPYSI; MYJIbTUPE3VUCTEHTHBI TyGepKyies; BO3-
pacr-accouuupoBaHHbie 3G GEeKThI.
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Abstract

The effect of a combination of glutamyl-cysteinyl-glycine disodium and bedaquiline on the treatment of multi-
drug-resistant tuberculosis in rabbits of different ages was studied. Combination therapy improved the condition
of animals, reduced inflammation and the size of lesions in the lungs, especially effective in elderly individuals.
The data obtained emphasize the importance of taking into account the patient's age when prescribing anti-tu-
berculosis therapy.

BACKGROUND. The high incidence of tuberculosis and the difficulties of its treatment in older people are an ur-
gent problem of phthisiatry and geriatrics. The growing drug resistance of mycobacteria and an increase in immu-
nodeficiency diseases lead to the search and development of new medicines. Disodium glutamyl-cysteinyl-glycine
has shown high efficacy as a means of preventing and treating secondary immunodeficiency conditions associated
with radiation, chemical and infectious factors. Being a structural analog of oxidized glutathione, disodium glu-
tamyl-cysteinyl-glycine has high bioavailability, modulating effect on intracellular processes of thiol metabolism,
promotes initiation of cytokine system, activation of phagocytosis. The drug glutamyl-cysteinyl-glycine disodium
is approved for use in pulmonary tuberculosis, but age-associated effects have not been studied.

OBJECTIVE. Evaluation of age-associated effects of glutamyl-cysteinyl-glycine disodium in combination with
bedaquiline in multidrug-resistant tuberculosis in rabbits

MATERIALS AND METHODS. Three groups of 25 rabbits each with standard laboratory conditions were formed.:
1st — young animals (1 year old), body weight — 1,000-1,200 g; 2nd — middle-aged animals (4 years old), body
weight — 1,700-1,900 g; 3rd — elderly animals (7 years old), body weight — 2,000-2,300 g. Three subgroups were
identified in each age group: 1st (n = 5) — infection control (infected animals without treatment); 2nd (n = 10) —
treatment control (infected animals receiving only bedaquiline); 3rd (n = 10) — main (infected animals receiving
bedaquiline + glutamyl-cysteinyl-glycine disodium). Thus, nine subgroups were formed: 1.1 — a subgroup for the
control of infection of young animals; 2.1 — a subgroup for the control of infection of middle-aged animals; 3.1 —
a subgroup for the control of infection of elderly animals; 1.2 — a subgroup for the control of treatment of young
animals; 2.2 — a subgroup for the control of treatment of middle-aged animals; 3.2 — a subgroup for the control
of treatment of elderly animals; 1.3 — the main subgroup of young animals; 2.3 — the main subgroup of middle-
aged animals; 3.3 — the main subgroup of elderly animals. Infection was carried out intravenously with a clinical
strain of M. tuberculosis with multiple drug resistance. Treatment began on the third day after infection with be-
daquiline and glutamyl-cysteinyl-glycine disodium. The condition of the animals, physical activity, food and water
intake, and weight dynamics were monitored. CT scans of the lungs and hypersensitivity reaction tests were used.
The data was processed using a package Statistica 7.0.

RESULTS. Monitoring the condition of the animals 6 weeks after infection allowed us to obtain the following
results. Young rabbits (1 year old). Infection control — poor condition, low activity, low consumption of food
and water. Treatment control — satisfactory condition, good activity, normal diet and drink. The main subgroup
is in excellent condition, maximum activity, increased intake of food and water. Middle-aged rabbits (4 years
old). Infection control — poor condition, decreased activity, low intake of food and water. Treatment control —
satisfactory condition, good activity, increased intake of food and water. The main subgroup is in good condition,
high activity, moderate intake of food and water. Elderly rabbits (7 years old). Infection control is a critical
condition, severe loss of activity, minimal intake of food and water. Treatment control — satisfactory condition,
good activity, sufficient intake of food and water. The main subgroup is satisfactory condition, average activity,
and average food and water intake. In the first 3 weeks after infection, an increase in body weight was noted in all
subgroups, in the 4th and 5th weeks, against the background of a clear decrease in these indicators, an increase
in the average weight of animals in the main subgroups was observed in the infection control and treatment
control subgroups. In response to intradermal administration of a sample with a tuberculosis recombinant allergen
(Diaskintest) 18 days after inoculation of mycobacterium tuberculosis in intact experimental animals, a negative
reaction was noted, and in all model rabbits a positive test result was recorded in the form of erythema with a size
of (18.50 = 1.49) mm (p < 0.0001), which indicated the presence of sensitization and confirmed the development
of the tuberculosis process. CT scans of the chest organs of animals from the infection control subgroups (subgroups
1.1, 2.1, 3.1) in all three age groups studied showed the presence of large polycyclic infiltrates of heterogeneous
density in the upper lobes of the lungs, most likely of a specific nature. At the same time, in the group of elderly
animals, pathophysiological changes formed faster and were more pronounced. CT scans of the thoracic organs
of animals from the treatment control subgroups (subgroups 1.2, 2.2, 3.2) in all three age groups studied showed
the presence of small foci of infiltration in the lungs with areas like frosted glass around the periphery. At the
same time, the observed changes in the groups of middle-aged and elderly rabbits were more pronounced and had
a longer duration with a tendency to chronicle the pathological process. CT scans of the thoracic organs of animals
from the main subgroups (subgroups 1.3, 2.3, 3.3) in all three age groups studied showed the presence of focal
infiltrative changes in the lungs of low intensity, which are less pronounced than in animals from the treatment
control subgroups of the corresponding age groups. After infection, small focal shadows in the subpleural regions
of the lungs, corresponding to the primary foci of infection, were observed in young rabbits. In middle-aged and
elderly rabbits, more extensive infiltrates and focal shadows were detected, occupying significant areas of the
lung. In elderly rabbits, signs of active inflammation with the presence of exudate in the alveoli were observed.
An increase in the size of the intrathoracic lymph nodes, especially bronchopulmonary and tracheobronchial, was
observed in rabbits of all age groups studied. The rabbits' body weight was unstable throughout the experiment.
The changes depended on age and treatment regimen. Computed tomography of the lungs confirmed the
formation of tuberculous changes of varying severity depending on age and treatment. In general, the treated
animals showed better health, activity, and appetite compared to the untreated ones.

CONCLUSION. The results obtained confirm the presence of an inflammatory process in animals in the infection
control subgroups of all ages. Inflammatory changes were also observed in the main subgroups and treatment
control subgroups, and they were more pronounced in the latter. Computed tomography of the lungs in the main
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subgroups showed less pronounced focal infiltrative changes compared with the comparison subgroups, which
indicates the potentiating effect of glutamyl-cysteinyl-glycine disodium. The study demonstrates the potential
of this substance in combination with bedaquiline and opens up prospects for its inclusion in tuberculosis treat-

ment regimens, including age-related aspects.

Keywords: glutamyl-cysteinyl-glycine disodium; multidrug-resistant tuberculosis; age-associated effects.
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