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Cunre3 u Ty0epKy/J10CcTATHYECKAS AKTUBHOCTD 2-(2-ruAPOKCUOCH30ML)-
S-3-(munepuauH-1-mi)-NpPoNMOHWITHAPA3ZMHOANTHOKAPOAMATA
u N-(2-(2-ruapokcudeH30m1)-ruApa3nHo-1-kapOOHOTHOHIII )-MeTAKPHJIAMH/IA

B crarse B3aumonelcTBUEM S-aKpHIOHWI-2-(2-THAPOKCHOCH30MII)-THIPA3HHOJUTHOKAapOAMUHOBOM KHCIIOTHI
C IHNEPHIMHOM OCYIIECTBICH CHHTE3 COOTBETCTBYIOIIETO 2-(2-ruapokcuben3omn)-S-3-(nmfieprana-1smn)-
MIPONMOHIITHpa3HHOANTHOKapOamarta. KpoMe Toro, B3anMoeicTBHeM THApa3H/Ia CATHLMIOBOMKUCIHOTEI C
METaKpHIOMIH30THOLMAHATOM OCYyIIecTBIeH cHHTE3 N-(2-(2-ruapoKkcnOeH30m)-riuaApasHH=1-KkapeOHOTHO-
HMIT)-MeTakpuiaamuaa. CHHTE3UPOBaHHbBIC aBTOPAMH COCIMHEHMS BBIABHIM TYQEPKYJIOCTATHYECKYIO @KTHB-
HOCTb 110 OTHOILIEHUIO K 3MH300THIECKOMY MTaMMy M. Obiubeco 6uoda.

Kniouesvie cnosa: 2-(2- runpokcuOeH3omn)-S-3-(Mumnepuant- 1 -ui)-nponuoH HEAApasHIMEo 1M THOKapbamar,
N-(2-(2-runpoxcubeH30mI)-THAPa3uHO- | -kapOOHATHOHIIT)-METaKpIWIIAaMUZI, TyO@PKyIocTaTHUeCcKasi aKTHUB-
HOCTb, MUKOOAKTEpHH.

Beeoenue

Ha ceropnsimauii nens B PecnyOnuke Kazaxcran ompylacTes KpuTHYeCKass HEOOXOIMMOCTh B pa3pa-
00TKE HOBBIX W HEJIOPOTUX JIGKAPCTBEHHBIX CPEACTBMISNICIEHNSI MHOTUX 3a00JIeBaHH, B TOM YHCIIE U Ty-
Oepkynesa. B aToM 1utane 6e3yclIOBHBIA TEOPETHHECKHUIT M) TPAKTHUECKUH MHTEPEC MPENCTABISIIOT CAIHIIN-
JIOBask KUCJIOTa U €€ MPOU3BOAHBIC, KOTOPHICHMPHUBICKAIOT BHUMAHUE MHOTOYHCICHHBIX HCCIEaoBaTeNeh
BCEr0 MUPA, 3aHUMAIONINXCA MOMCKOM HOBBIX MPORMBOBOCHANIUTENBHBIX, KAPOMOHIKAIOIMINX, aHAJIbIe3U-
PYIOIIHX, TIPOTUBOMHUKPOOHBIX, aHTHCETBAUCCKIX U TIPOTUBOTYOEPKYIE3HBIX CPENICTB, YTO 00YCIOBICHO MX
IIUPOKUMU NPUMEHEHUEM B METUIIMHCKOMMIPAKTHUKE U UX CUHTETUYECKUMU BO3MOXKHOCTSIMH [1, 2].

Lenecoobpa3HocTh u3ydeHUs (CBONCTBRMOMUDUIIMPOBAHHBIX MPOU3BOIHBIX CATHIIMIOBONH KHUCIIOTHI
00yCIIOBII€HA ITUPOKUMH TEPCIIGKTHBAMHE, KOTOPHIE OTKPBIBAIOT TPAHUIIBI TSI NAaTbHEHIIEH peann3annu mo-
TEHIIUAIBHBIX BO3MOXHOCTEHgXMMUHECKOH MOAM(DHUKAINY, 3AI0KEHHBIX B CAMOM CTPYKTypE€ 3THUX HOBBIX
BEIIECTB C KOMOWHANMel HECKOMbKAX aKTUBHBIX TPYIMIHPOBOK: KapOOHMILHOW, THOKApOOHWIBHOH, THO-
aMUTHOW, TUTHOKapOaMaEHoH, ruApa3suaHoi. Takas KOMOMHAITUS B MOJICKYJIE TIPOMU3BOIHBIX CATHITIIIOBOM
KHCJIOTBI, coJiepKaniéi B CBOCH CTPYKType H3BeCTHbIC (hapMakoQOpHBIC TPYIIbBI, 3a4acTyi0 MPHUBOJAUT K
BO3HUKHOBEHHUIO HOBOM\BBICOKOW (hN3MOIIOTUIECKON aKTUBHOCTH M CHUYKCHUIO TOKCUYHOCTH.

CuHTe3 MOAU(PULUPOBAHHBIX MPOU3BOAHBIX THAPA3WAA CATUIIMIIOBOW KHCIOTHI MPEACTABISCT HECO-
MHEHHBI WHTEPEC B CO3MAHUM HOBBIX JIEKAPCTBEHHBIX, B TOM YHCIIE TPOTUBOTYOEPKYIE3HBIX, COETUHEHUI.
Tak, anuAPOUSBOAHOE THIPA3WJA CATUIMIOBOW KUCIOTHI, B YaCTHOCTU (2-TUAPOKCHDEHUI)-aKpPHUIOWII-
TUAAEKAPOaMHOBAs KHCIIOTa, SBJISETCA YJOOHBIM CHHTOHOM I AalbHeleld mogudukanuu. Ero cTpyk-
fypa CONEPIKUT PEaKIIMOHHOCIIOCOOHYIO ABOWHYIO YTIIEPOA-YIICPOAHYIO CBS3b M MPUCOCTUHEHHUS HYK-
TeoibHBIX peareHToB [1, 3—7]. B ¢Bs3u ¢ 3TUM IeJIeHANpaBICHHBIN MOMCK U CHHTE3 HOBBIX MOJHU(DUIIN-
pOBaHHBIX 3(h()EKTUBHBIX JEKApPCTBEHHBIX CPEACTB Ha OCHOBE THJIPa3ujia CATHIUIOBON KUCIIOTHI SBISCTCS
aKTyallbHBIM U TICPCIICKTUBHBIM HAIPaBICHUEM KaK B HAYYHOM, TaK M B IPAKTHYECKOM acCIeKTe.

3KC}’l€puM€HmaJlea}l yacmo

CunTte3 coenuHeHus 2-(2-rugpoKcHOeH30m)-S-3-(MUnepuaArH- 1 -1in)-pONTHOHUITHIPA3UHOIUTHOKAP-
OamMaTa, 00IagaroUIero MPOTUBOTYOEPKYIIE3HOH aKTUBHOCTBIO, OCYIIECTBIICH B3aMMOJICHCTBUEM THApa3HIa
CaJIUIIMIIOBOM KUCIIOTHI C XJIOPAHTUAPHUIOM aKpUJIOBOM KHUCIIOTHI B Cpele AMOKCAHA B MPUCYTCTBUM TPUITHU-
JaMHHa (aKLENTopa raJloreHOBOJOPOa) C JalbHEWIIMM aMuHUpoBaHueM. IloaydeHHoe coennHeHue npea-
CTaBJIAET COOOW OENbIN KpUCTATNYECKHi MPoAyKT. Beixon 70 %.
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B mensx u3y4eHus BO3MOKHOCTU UCTIOIB30BAHHS CHHTE3UPOBAHHOIO COCTUHCHHS B ITPAKTUKE JIGHCHHUS
pa3IMYHBIX 3a00JIeBaHUI MPOBEAEHO HCCIIEJOBAHNE HA TYOEpKYIOCTATHYECKYI0 aKTHBHOCTH COCTUHEHHUS
2-(2-ruapokcuben3omn)-S-3-(MumepuanH- 1 -1r)-mponmnoHmITuApasuHonuTHOKapbamara  (manee, [OKA-2).
Onpenenenue TyOepkyiocTaTrueckoil aktuBHocT [2KA-2 in vitro mpoBoaunu B punuane &Kaparammua-
ckas HUBC» TOO «KasHUBW» ¢ ucnonbp3zoBanuem MoauduuupoBaHHON mnuTarenbHOMdCpens ['enn0ep-
ra-M (uHHOBanmoHHBINA ateHT Ne 23875 ot 21.09.2009).

Janee nutarensHyto cpeny ['enpOepra-M st IpOBEACHUS ONBITA C COJEPKAHUEM HMCIIBIEYEMOTO CO-
equaenust (I7KA-2) B cootHomenunu 1:2500 rotoBwin no b.5. Xaiikuny (1988) [8].[lonysieHAYIO cMech
BHOCHIIM B CTEPHIIbHBIE KOJIOBI ¢ OycamMy U TIIATEIhHO MePEMENNBAIIH, PA3INBAIH B TPOCUPKH 10 5—6 cM>
CBepTHIBAIM Tipu TeMrepaType 85 °C B TedeHne oHOTO yaca. B3Bech MUKOQaKTEPHH TOTOBIIN Ha (U3HOJIO-
THYECKOM PacTBOpe XJopuaa HaTpus 1o ctanaapty mytHoctu [HUU um. fipod. JLA" TapaceBuua u3 pacue-
ta 500 MITH M.K. B cM>. B KaxIyto poOUpPKyY cO cpelioii ¢ cOOMI0ICHIEM CTEPHITLHOSPH TIPOU3BEIH TTOCEBHI
no 0,1 cm® GakrepuanbHOM B3BecH. J[iIsl KaXI0T0 mTaMMa Opanu 1mo TpAmpodHprM cpensl ¢ [DKA-2. Tpo-
OMpKU BBICP)KUBAITU B TEUECHUE TPEX YACOB B TOPU3OHTAILHOM HONIOKeHUW dipu Temneparype 37 °C. [locne
Yero MX MOMECTHIIM B TEPMOCTAT, Ijie HHKyOupoBanu B TeucHde 30, nHeil. TyOepKynoCcTaTHYECKYI0 aKTHB-
HOCTh [ JKA-2 ompenesnsiy 1o OTHOMIEHUIO K KyJIbTypaM dTAIQHHOTO dTamma M. bovis-8, SN300THIECKUX
mTaMMoB: M. 6viuvezo éuda, M. phlei, M. scrofulaceum.

JlaHHbBIe, XapaKTepU3yIOIIHE TyOSPKYIOCTATHISCKYIO aKTUBHOCTE coennHeHus [ KA-2 mo oTHOIIeHHIO
K pa3iYHBIM STAJIOHHBIM U 3MM300THYECKUM IITaMMaM MUKOBGaKTepui, MpeICTaBIeHbI B Tabmuie 1.

Tabnuma 1

XapakTepucTuka Ty0epKyJI0CEAEMYeCKOH aKTUBHOCTH coennuenus I'KA-2
M0 OTHOLIECHHIO K PA3IMYHBIM IHTAMMAM MHKOOAKTePHIi

Cpena I'enpbepra-M

HanmenoBanme JIau HaOmoeHIS

KyTbTYpHI 54t | 7-n [0 o] 12- | 15- | 20- | 25- | 30-i

DTtanoHHbIN mTamm M. bovis-8
ITpobupka Ne 1 - - — + + ++ ++ +++
ITpobupka Ne 2 - - — + + ++ +++ 4+
ITpobupka Ne 3 — — - ++ +++ +++ +++ -+
Drm3ooTHYeCKuid mrTamMm M. bovis
ITpobupka No 1 - - - - - €.l e.n. e.I.
TTpobupka Ne 2 — — — — — — — e
ITpobupka Ne'3 L - - - - - e.I. e.I.
M. phlei
Lipooupkad\e 1 - — — + ++ -+ -+ 4
TIpoBuprayNo2 — - - + + ++ 4 -+
ITp@ebupka Ne 3 - — - + + ++ +++ ++++
M. scrofulaceum
ITpedupka No 1 - - + ++ -+ -+ +++ -+
ITpobupka Ne 2 - - + + ++ -+ - -+
ITpobupka Ne 3 - + + + ++ ++ +++ +++
Ilpumeuanue. e.n. — equHUIHBIC KOJIOHUU; + — OT 10 mo 20 kononuit; ++ — ot 20 mo 50 xomonwmif; +++ — Goree
100 xoytoHwMiA; ++++ — CIUTONTHOMN POCT.

W3 mpencraBieHHbIx B Tabnwuie 1 TaHHBIX BHHO, YTO HAa MOBEPXHOCTH MUTATENbHON cpenbl ¢ [7KA-2
Ha 12-e CyTKH OTMEUEH POCT KYJIbTYPBHI 3TAJIOHHOTO mTamma M. bovis-8 v 3MU300THYECKUX IITAMMOB aTH-
MUYHBIX MUKOOakTepuit M.phlei, M. scrofulaceum ¢ nepexomom Ha 25-30 cyTku B a3y HHTEHCUBHOTO POC-
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Ta. EqUHWYHBIC KOJIOHUH KYJIBTYp 3MU300THYECKOTO MITAMMA Oblubec0 6U0d 3apPETHCTPUPOBAHBI TOJBKO Ha
20-e cyTtku 6e3 epexona k 25-30 cyTkam B (ha3y HHTEHCUBHOTO POCTA.

Ha pucynke 1 mpomsuTIOCTpHpPOBAaH XapakTep pocTa KyJIbTyp Pa3iHyYHBIX IITAMMOB Ha MOBEPXHOCTH
MUTATEIBLHOU Cpebl C XUMUYECKUM coeauHeHueM [ KA-2.
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Pucynox 1. Poct kynbTyp Mukobakrepuii: M. bovis-8 (3TajloHHBI lei
u M. scrofulaceum (3MM300THYECKHE IITAMMBI) HA TIOBEPXHOCTH c I'KA-2

S-Tuna ¢ MpUNOHATHIM (ITyrOBYaTHIM) LIEHTPOM, HEKHO CB JTOBaThIM OTTeHKOM. Ha pucynke 16
HaOII0aeTCs OTCYTCTBHE POCTA KyJIbTYp SHMH300THYECKOTO IUTA MHUKOOAKTepUH OBIYbEr0 BUAA, YTO
YKa3bIBaeT Ha TyOepKyJIOCTaTHYECKYIO0 aKTUBHOCTb HCIBITYEMO exus (I7KA-2) mo oTHOmeHHUIO K
JaHHOMY IuTamMMy. Ha pucyHke 16 BuzneH xapakTepHBIN poc aTunuyHoro mramma M. phlei. Kono-
HUHM MEJKO3EPHUCTHIE S-THIIA, OEI0BATO-KPEMOBOIO IIBE VHKE le BHIEH XapaKTepHBIH POCT CKO-
TOXPOMOTEHHOU KyIbTYphl M. scrofulaceum. Tlurm OHMI KENTOro LBETA Pa3INYHON UHTECHCHUB-
HOCTH.

B pesynbrare mccienoBaHus YCTaHOBIICHE
TyOepKyJIOCTaTUUECKON aKTUBHOCTBIO TOJIBK @
OBIUBErO BUA.

CraenyromM OOBEKTOM HCCIE Ha TyOEpKyJOCTaTUYECKYI0 aKTHBHOCThH siBisercss N-(2-(2-
THUIPOKCUOEH30MN)-THAPa3HHO- | -kapboHoTHOHMI )-MeTakpunamu, (nanee [2KA-10), cunte3 KoTOporo ObuT

Ha pucynke la BuaeH XapakTepHBIH POCT KYJIBTYD IHTaiMa M.

er (I7KA-2) obnamgaeT ymepeHHO BBIpaKEHHOM
OINEHUIO K SMHU300THYECKOMY LITAMMy MHUKOOAKTEepHit

OCYIIIECTBIICH B3aMMOJCHCTBUEM, T Jla CaJIMIMIOBON KHCIOTHI C METaKpHIOMIN30THOIMAHATOM B
CIIUPTOBOU cpenie, P SKBU OOTHOIICHUH PEAareHTOB ¢ BEIXOJ0M 48 %.
H; OH O
OH o J 0

OepKyrnocTaTuyeckasi aKTUBHOCTb cuHTe3npoBaHHOro coefmaenus (I7KA-10) mo oTHomeHwno K
KylibTypamM M. bovis-8, M. bviuvezo euoa, M.phlei, M. scrofulaceum w3ydeHa 1mo MeTOAWKE, KOTOpas HC-
MOJIb30BajIach MPH W3yYEHUU TyOepKyJIOCTaTHUECKONH akTUBHOCTH coeauneHus [ KA-2. Pe3ynbTaTsl ucmsl-
TaHus TyOepKynoctarndeckor aktTuBHOCTH I JKA-10 mpuBenens! B Tabnuiie 2 1 Ha pUCyHKe 2.

W3 npeacraBiaeHHbIX B Ta0nuile 2 TaHHBIX BUIHO, YTO HA MOBEPXHOCTH MUTATEIBHOHN cpebl ¢ [DKA-10
Ha 12-e CyTKM OTMEUYEeH POCT KyJIbTYpPhI ATATOHHOTO ITamma M. bovis-8 M SMU300THUECKUX ITAMMOB aTH-
MUYHBIX MuKoOakTepuii M. phlei v M. scrofulaceum c mepexomom B (hasy WHTECHCHBHOTO pocTa K 25—
30 cyrkam. EquHAYHBIE KOJIOHUH KYJIBTYP SMU300THYECKOTO mTamma M. 6biubeco uoa 3aperucTpUpOBaHbI
ToJIbKO Ha 20-¢ cyTku 6e3 nmepexona k 25—-30 cyrkam B (pa3y HHTEHCHBHOTO POCTA.

Ha pucyHke 2 mponsumioCcTpUpoBaH XapakTep pocTa KyJIbTyp Pa3dUYHBIX IITAMMOB MHUKOOAKTEpHi Ha
MTOBEPXHOCTH MUTATELHOM Cpebl ¢ XuMudeckuM coenuHerneM [ 7KA-10.
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CuHTes n TyGepkynocTaTuyeckas akTMBHOCTb ...

Tabnuma 2

XapakTepuCcTHKA TY0OepKYJI0CTATHYECKOH aKTUBHOCTH coenHeHus: ['7KA-10
M0 OTHOLIECHMIO K PA3JIMYHBIM IITAMMAM MHKOOAKTEPHIi

Cpena 'enmsbepra—M

HaumenoBanue
CVIIETVDRL JlH1 HaOII0IeHUS
YIRTYP 51 | 71 | 1041 | 1246 | 15 | 204 | 251 | 30-i
Omanounwviil wmamm M. bovis-8
IIpo6upka Ne 1 — — — ++
IIpobupka Ne 2 — — — + + ++
IIpobupka Ne 3 — — — ++ +++ +++
Onuzoomuyeckuti wmamm M. bovis
IIpo6upka Ne 1 — — — — — —
IIpobupka Ne 2 — — — — — —
IIpobupka Ne 3 — — — — — —
M. phlei
IIpo6upka Ne 1 — — — - - -+
IIpobupka Ne 2 — — — + + ++
IIpobupxa Ne 3 — — — + + ++
M. scrofulaceum,
IIpo6upka Ne 1 — — + ++ +++
IIpobupka Ne 2 — — + + ++ ++ -+ -+
IIpobupxa Ne 3 — + + + +++ +++
Ipumeuanue. e.n. — eauHMIHBIE KOJIOHUH; + — OT 10 10 20 KOO — ot 20 1o 50 xoyonwuii; +++ — Ooee

100 KoOHMH; ++++ — CITIONTHOH POCT.

r2A-10
rsAa-10 AT scrofulacewnmy
~ LTIV FPOIC e
NT. . Sorveu o
A rvrar PO o OF.0O8.09.
O 7. O8O,

obakTepuii mTaMMOB M. bovis-8 (3TAIIOHHBINA IITaMM), STTM300THIECKUX IITAMMOB
M. scrofulaceum Ha TOBepXHOCTH NMUTATENbHOH cpensl ¢ [0KA-10

Ha € BHJICH XapaKTEePHBIH POCT KyJibTyp Imtamma M. bovis-8. Komonum mukoOakrepuit
HATHIM (IIyTOBYATHIM) IIEHTPOM, HEXXHBIE, CO CBETIIO-KEITOBAaThIM OTTEeHKOM. Ha pucyH-
CTBHE pOCTa KyJIbTYpP 3MU300THUYECKOTO mTamma M. Oviubeeo 6uda, 4TO yKa3bIBaeT Ha
JIOCTATHYECKYIO0 aKTUBHOCTD HCIbITyeMoro coenuHeHus ([ 7KA-10) mo oTHOIEHHIO K YIOMSHYTOMY

HBIA POCT CKOTOXPOMOTE€HHOU KyNbTypsl M. scrofulaceum. IlurMeHTaMs KOJIOHUH JKEITOTO IBETA pa3yind-
HOWM MHTCHCHBHOCTH.

B pesynpraTe nccnenoBanus ycTaHOBIeHO, 4To oopazer [ JKA-10 nogasisier mepBUYHBIA POCT KYIBTYP
TOJIBKO SMHM300TUYECKOr0 MITaMMa MUKOOAKTEPHid OBIYBETO BHUIA.

Bui6oow
Takum 00pa3om, pe3ynbTaThl UCCIEOBAHNS TIOKA3bIBAIOT, YTO COEAUHEHHS 2-(2-TUAPOKCUOEH30MIT)-S-

3-(munepuanH-1-win)-nponuoHWITHApasnHoguTHoKapdamar u  N-(2-(2-rugpokcubeH30mi)-ruapasuHo-1 -
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KapOOHOTHOHMIT)-METaKPIIIAMHJT MPOSIBIITIOT TyOSPKYIOCTATHICCKYIO aKTUBHOCTD TOJIBKO 110 OTHOIIEHHUIO K
3MHU300THYECKOMY IITaMMy M. bbiubezo suda.
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M. bazap0OaeB, A.X. XKakuna, I'.I'. baiikenoBa, A K, [llafiim6eToBa,
C.M. Hiocenos, A.A. Anitkenosa, UK. Axxynycosa; A.P. Canukosa

2-(2-I'mppoxcudenzon)-S-3-(nunepuanH-4n1)-NponMOHWIrHAPa3uHO-
auTHoKapoamar xdHe N-(2-(2-ruapoxkcndeH30u/)-riaipasuHo-1-kapooHOTHOHNII)-
MeTaKpHJIaMH/ XUMHUSUIBIK KOCHaaapbil CHHTe3/1ey 2KJHe 0J1apIAbIH
MHMKOOAKTEePHAIAPABIH IP TYPUll ITAMM/IAPbIHA KAPChI
Ty0epKYJ0CTATHCTHRAIBIK MIPMEHILTIri

Makamaga  2-(2-rugpokcuOeH30mI)-S-3 - (TIHIEPHANHEL#0T)-1p ONMMOHIITHAPA3HHOANTHOKAapOaMaT  JKoHe
N-(2-(2-runpoxcubeH30mI)-THAPa3suHO- | -KAPOOHOTHOHMIT)-METaKPHIAMH]] XUMUSUIBIK KOCTIAJIApABIH MHKO-
OaKTepHsUIapAbIH  STANOHABIK JKOHE #PMMB0OTHSJIBIK INTAMIAapblHA Kapchl TyOepKyIOCTaTUCTHUKAIBIK
MIOPMEHJIUITIH aHBIKTay OarbITHIHAAGKYPTI3UTEEHIBePTTEYNIep KOPBITEIHABICEH OasHaaraH. ABTOpiIap TalraH
XUMISUTBIK ~ KOCTIAJIApABIH  ipl  Kapa " MalbIHBIH TYOEpKyJIe3iHIH SHH300THSUIBIK INITAMMBIHA KapcChl
TYOepKYJIOCTATUKAJIBIK MOPMEHIUIIEIH aHbIKDaFaH.

M. Bazarbaew, A'H, Zhakina, G.G. Baikenova, A.K. Shaiymbetova,
S.M. Dyusentov; A.A. Aitkenova, [.LK. Akzhunusova, D.R. Sadikova

Synthesis and tuberculostatic activity 2-(2-hydroxybenzoyl)-S-3-(piperidine-1-yl)-
propionylhydrazinedithiocarbamates and N-(2-(2-hydroxybenzoyl)-hydrazine-
1-carbonationyl)-methacrylamide

2-(2chydroxibenzoyl)-S-3-(piperidine- 1-yl)-propionilhydrazinoditiocarbamate was synthesized by the interac-
tion_ of ~'S-akriloyl-2-(2-hydroxibenzoyl)-hydrazinoditiocarbamino acid with piperidine. Also N-(2-(2-
hydroxibenzoil)-hydrazino-1carbonothionyl-methacrylamide was synthesized by the interaction of hydrazide
of salicylic acid with methacryloilisothiocyanate. It was revealed that the synthesized compounds exhibit
tuberculostatic activity to epizootic bovine strains of M. tuberculosis.
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