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Kak camu npoayKT bl NYEN0BOACTBA, TaK 1 UX KOMOUHALMK, LLIMPOKO NPeACTaBneHbl Ha 0TeYeCTBEHHOM hapMa-
LIeBTUYECKOM PbIHKE, OfHAKO, COBPEMEHHbIX 3KCMEPUMEH T aNbHbIX MCCNef0BaHUIA BMONOrNYECKOA aKTUBHOCTY 3T UX
COefMHEHUI Mano, a BO MHOTUX UMELLMXCS Ny6aMKaumax aBTopbl ONUCLIBAKT 4Ype3BblYaiHO LUMPOKWIA U NMPOT K-
BOPEUMBbIA CNEKTP TepaneBTuyYeckux ahpekToB. Llenb nccnefoBaHMsl - NPoBeCTM aHanM3 SKCnepuMeHTaNbHbIX
paboT no uccnefoBaHuo 6UONOrNYECKO aK TUBHOCTY NPOAYKTOB NYenoBoacTea. MaTepuansl U MeToAbl. ccne-
[l0BaHMe NPOBOAUNOCH C UCMO/b30BaHNEM NMOUCKOBO-MHpopMaLlnoHHbIx {ebibrary, PubMed, Cyberbeninka, Research-
Gate) n 6mbnmoTeuHbix 6a3 gaHHbix (Poccuiickasa rocygapcTBeHHas 6ubnmoTeka, LleHTpanbHas HayvyHas cenbCKo-
X03MCTBEHHasA 6MbAMoTeKa). B 0603HaYeHHbIX 6a3ax faHHbIX NPOBOAMACA MOUCK Ny6AMKALWA N0 TakuM TepMuHam
Kak «buonornyeckass ak TUBHOCTb», «MYeNHOe MaTO4YHOe MOMOYKO» U T.4. [NybuHa noucka He OrpaHWuMBanach.
PesynbTaThl 1 06cy>KaeHMe. AHanM3 OnybANKOBaHHbIX pab0T NoKasbiBaeT, YTO 3KCNepUMEHTalbHO NOATBEP>K-
[EHHO BMONOrMYecKoii ak TUBHOCThIO 061aal0T Takue cy6CcTaHLMM, Kak NUeauHblii 84 1 NYeNnHoe MaTO4YHOE MO-
nouko. Kak B 0gHOM, Tak 1 ipyrom cinyvae 6biny onucaHbl Aeidc TBYHLLMe BellecTBa U NPoBeAéH 0630p MX U3BECTHOA
61onormyeckoii ak TMBHOCTU. ABTOpPbI NpegnonaralnT, YTo Npu 0TpaboTKe MeToAa 1abopaTOPHOro CMHTe3a fJe-
LIEHOBBIX KUCNOT, CTaHeT BO3MOXKHbIM UX MacluTabHOe AOKIMHWYECKOE UCCNefoBaHNe, KOTOPOe MOXKeT cTaTb
OCHOBOIA B CO34aHUM KaKoro-11mbo NekapcTBEHHOIO CPeACTBA C N3bMpaTenbHbIM feliCTBUEM.

KntoueBble cnoBa: 6uonornyeckas ak TWBHOCTb, 7 NUEAMHBIMA, MUYENMHOe MAaTO4YHOe MONOYKO, AeLeHOBbIe KUC-
NoThl
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Both bee products themselves and their combinations are widely represented in the domestic pharmaceutical
market, however, modern experimental studies ofthe biological activity ofthese compounds arefew, and in many of
the existing publications the authors describe an extremely wide and controversial range o ftherapeutic effects. The
aim o fthe study is to analyze the experimental works on the study o fbiological activity o fbee products. Materials and
methods. The study was conducted using search and information (eLibrary, PubMed, CyberLeninka, ResearchGate)
and library databases (Russian State Library, Central Scientific Agricultural Library). In the designated databases,
publications were searched by such terms as “biological activity”, “royaljelly”, etc. The depth ofthe search was
not limited. Results and discussion. The analysis ofthe published works shows that such substances as bee venom
and royaljelly have experimentally confirmed their biological activity. In both cases, the active substances have been
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described and a review o ftheir detected biological activity has been carried out. Conclusion. The authors suggest that
when developing the method oflaboratory synthesis ofdecene acids, it can be possible to carry out their large-scale
preclinical research, which may become the basisfor the creation ofa drug with a selective effect.

Keywords: biological activity, bee venom, royaljelly, decene acids

BBEAEHWE. lMonck n aHannM3 61M0N0rM4eckn ak-
TUBHbIX BELLECTB AB/SETCA BXHOMN U COXHOM 3ajajeil.
CyuiecTByeT MHOXECTBO MNOAXOLOB K e€ peanu3aumm, Ko-
Topble 6a3MPyOTCA HA UCMOMb30BaHUUN OTAENbHbIX MO-
NeKyNApHbIX KOMMOHEHTOB K/IETOK, CaMUX K/eTOK pas-
JINYHOTO TWMa 1 B3POC/bIX OPraHn3Mos [1].

AdeKTUBHOCTL TaKOro nomcka npy NpocTom nepe-
60pe 0CTaETCA 0YeHb HK3KOM [2]. HakonneHHbI ONbIT 3M-
nupuyeckoii megnuuHbl (Medicina gentilitia) MoXeT 6bITb
XOPOLLUM OPMEHTUPOM MpPW NPOBeAeHUN NojobHOro posa
“ccneoBaHniA, NO3BOAA 3HAUUTENBHO CY3UTh CMEKTP Nep-
BOHaYa/IbHOW BbIGOPKYM MOMEKYN. B 3TOM KOHTEKCTe upes-
BbIYallHO MHTEPECHbLIMU BbIFISAAT anunpenaparbl, nNpoms-
BOAMTENN KOTOPbIX MH(OPMUPYIOT HacefleHue 0 TOM, YTO
MX npenapaTbl 061a4al0T aHTUMUKPOOHOW aKTUBHOCTBIO,
CMOCOBHbI CHUWXKATb KPOBAHOE AaBfieHue, paclumpsaTb Kpo-
BEHOCHbIe COCY/bl, MOBbILIATL YCTONYMBOCTL OPraHM3ma K
NH(EKUMAM, MOBLIWATL UMMYHUTET U T.N. [3], 0gHako, B
nojaenstoLLemM 60/bLUMHCTBE CNy4YaeB OCTalTCA HEACHbI-
MV MCTOYHWKM [aHHbIX 06 onuckiBaeMblX athekTax. bonee
TOro, NPV YTEHUM COBPEMEHHbIX OTEYECTBEHHbIX Ny6/MKa-
UM Mo faHHOI TeMaTuke, 06pallaeT Ha cebsi BHUMaHMe
MaKCUMa/lbHas PasMbITOCTb OMUCaHHBLIX BGUONOrNYeCcKnX
3heKTOB U OTCYTCTBME B HWUX HEraTUBHOMO CMeEKTPa, YTo
MOXeET yKa3blBaTb Ha HeOCTaTOYHOCTb IKCMEPUMEHTASTb-
HbIX UCCNel0BaHMIA B 3TO 06/1acTu.

Cnucok nNpoAyKTOB MYenoBOACTBA A0CTaTOMHO
O6LUIMPEH W BK/OYaeT B Cebs Takume CNOXHble CMecu
BELLECTB, Kak BOCK, MaTtOYHOe MOJSIOYKO, MEA, nepra,
nyennHas 06HOXKa, MPOMNONC, MUEMHLIA NOAMOp, Nye-
NNHbIA A4, TMYNHOYHBIA roMmoreHat v T.4. MpakTuyecku
BCe NPOLYKTbI NYeN0BOACTBA NO/Mb3YHTCA BbICOKUM [0-
BEPUEM Y HaceNleHWs, KOTOPOoe HafenseT ux pasinyHbIMu
TepaneBTUYECKNMM cBOicTBaMM. C OfHOIN CTOPOHbI, Ta-
Koe OTHOLUeHMe 6a3upyeTcs Ha Tpaguuuu, a ¢ Apyrow -
NOALEPXMBAETCA PeKNaMHbIMU KOMNAHWAMK, B pamKax
KOTOPbIX MNPOAYKTbI MYeNOBOACTBA MO3ULUOHWUPYIOTCS
MCK/OUNTENBHO C NOIOXUTENbHOW CTOPOHBI.

M3 Bcero cnekTpa NpoAyKToOB N4yenoBoAcTBa Hanbo-
Nee M3YUYEeHHbIMU ABAAIOTCS NUENUHBIA A4 U MaToOuHOe
MO/IOYKO (MaTo4YHOe MOJIOYKO 3aperucTpuposaHo B Poc-
CUM Kak (hapmaLeBTMUecKas cybctaHumsa (anunak nuno-
(hMIM3NPOBAHHLIA) 1 BbIMYCKaeTCs B IMOGUNN3NPOBaH-
HoM Buge ¢ 1973 rofga.

LE/IbHO HacTosiwero o63opa fBseTCA aHanus3
0ny6/IMKOBaHHbIX 3KCMEPUMEHTaNbHbIX AaHHbIX, OMu-
CbIBalOLWMNX BMONOrNYECKYH0 aKTMBHOCTb KOMMOHEHTOB
MYeIMHOr0 MaTOYHOro MOJIOYKA U MNYENNHOrO AAa.

MATEPUAJTbI 1 METO/AbI. WccneposaHue
NMPOBOAWMOCL C WUCMO/Mb30BaHWEM MOWCKOBO-UH(OPMa-
UMOHHbIX cuctem (eLibrary, PubMed, CyberLeninka,
ResearchGate) n 6ubnnoTeyHbIX 6a3 gaHHbIX (Poccuii-
cKas rocygapctBeHHas 6ubnuoteka, LieHTpanbHas Ha-
YYHasi CeNbCKOX03ACTBEHHAs 6MbIMoTeKa). B 0603Ha-
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YeHHbIX 6a3ax faHHbIX MNPOBOAMIICA MOUCK My6nuKaLuii
Mo TakKUM TePMMHAaM KaK «6M0N0rnyeckas akTMBHOCTb,
«MYeIMHOe MaTOYHOE MOMOYKO» U T.4. [Ny6MHa nomcka
He oOorpaHuuMBanacb: asTOPbl MNJaHMPOBAIN OXBATUTb
MaKCMMasibHOe KONMYeCTBO paboT Mo JaHHOW TeMaTuKe.
Mpu NpoBefeHMUN aHanu3a 6UONOrMYECKON aKTUBHOCTM
KaKOiA-n1Mb0o rpynmnbl BELLECTB yUMTLIBANOCH, YTO B OMpe-
[eNnéHHbIX YCNOBUAX TaKyl aKTUBHOCTb MOTYT [eMOH-
CTpUpoBaTh fJaxe 6naropofHble rasbl [4], UTo co34aéT
Heo6X0AMMOCTb YUUTbIBATb YCI0BUA, NPU KOTOPbIX OCY-
LeCTBAANOCL U3yUeHMe BO3AEWCTBUS TOTO WAM UHOrO
BellecTBa. [pu oT6ope cTaTelt Ana HacToswero o63opa
aBTOPbI YUUTbIBANW 3TOT (HaKT, U UCMONb30BaIN TOMbKO
Te CTaTbM, B KOTOPbIX OblM OMNMCaHbl METOAMKMN 3KCre-
PVUMEHTaNIbHOM paboThl.

PE3YJIbTATblI 1 OBCY>XOEHWE. Buonoru-
Yyeckas aKTMBHOCTb MYENMHOrO0 MATOYHOro MOJIoYKa
(MMM) 6blna onucaHa AOCTaTOYHO AaBHO [5], HO 3KC-
NepUMeHTaNIbHO 3TW HabngeHNs BblNn NOATBEPXKAEHDI
3HauUTeNbHO no3gHee [6, 7]. MaTo4yHOe MOMOYKO MYEN
MMEET CMTIOXHbI MHOTOKOMMOHEHTHbI COCTaB, KOTOpbII
N3MeHsEeTCA Npy XpaHeHuu [8, 9] n ero pakunm obnaga-
0T pa3/IMYHOl GMONOTrMYECKON aKTUBHOCTbLH).

AHTUMbaKTepnanbHas ak TUBHOCTb

AHTUGaKTEpManbHas akTUBHOCTb MaTOYHOro Mo-
Noyka 6blna 3KCNepuMeHTanbHO NOATBepXAeHa ewé B
1939 rofy - OHO MHITMBUPOBANO POCT KaK FpaMmnonoXn-
Te/bHbIX, TaK ¥ FPaMOTpULATE/IbHbIX 6AKTEPUIA, OHAKO,
B OTHOLUEHWUW TPaMMONOXWUTeNbHbIX GakTepuii Bo3aen-
CTBME OKaszanocb 3h(ekTBHee B fABa pasa [10]. YcTa-
HOB/IEHO TakXe, 4YTO aHTubaKTepuanbHas akTUBHOCTb
MaTOYHOr0 MOJI0HKAa YMEHbLLAETCA MPONOPLUOHAILHO
BPEMEHW ero xpaHeHus [11].

BnepBsble NpeanonoXxeHre o TOM, YTO UMEHHO XUp-
Hble KMUC/IOTbl MOTYT OTBeYaTh 3a Ha/lnune aHTMbakTepu-
aNbHbIX CBOWCTB MOTOYHOrO MOJIOYKA, GbIIO BbICKA3aHO
B pa6boTe 1945 roga [12], B KOTOpOI aBTOPbI OMMCaNm
MHINOVpyIoLLee AeACTBUE 3TUX COEAMHEHUIA Ha pocT
CTPENTOKOKKOB W CTalUIIOKOKKOB B  KOHLEHTpauuu
1/1000. TMMpeanonoXuTenbHo, AanbHeilee wccnego-
BaHWe aHTubaKTepuasbHbIX KOMMOHEHTOB MNPOAYKTOB
MaTO4YHOro MO/0YKa No3BONMT B ByayuleM paspaboTarb
HOBbIE KOHCEPBAHTbI 415 MULLEBbLIX NPOAYKTOB.

[Lpyrolii rpynnoii nccneposarteneid B 1959 rogy 6bi1o
[l0Ka3aHo, 4To aHTMbaKTepunanbHbIM 3gekTom obnaga-
eT 10-rngpokcun-A2-geueHoBas kucnota [13], koTopas
ABMSETCA OCHOBHbIM KOMMOHEHTOM XMPOBOW (hpakLuu
MaTOUYHOr0 MOJIOYKA. JKCMepUMEHT MoKas3an, 4YTo 3TO
BELLECTBO B YeTbIpe pasa yCcTynaeT NeHULWIMHY MO aK-
TUBHOCTM B OTHOLIEHUN Micrococcus pyogenes 1 B MsATb
pa3 cnabee, YeM XJIOPTETPALMKIMH NPU BO3LEACTBUM Ha
Escherichia coli [14]. ABTopbl ycTaHoBUAK, 4TO 10-ru-
LpoKcK-A2-feleHoBas KMUCNoTa 3aMefnset pocT rpuba
Neurospora sitophila, npn 3TOM 0TMeYeHO, 4TO COMM
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3TON KMCNOTbl 06NafatoT NOHUXKEHHON aKTUBHOCTbLIO B
CpaBHEHWMW C CAMUM BELLECTBOM.

B 1957 ropy wccnegoBatenm A. Butenandt u
H. Rembold onucann xwupHyto kucnoty (Tabnuua 1,
Nel) n noaTeepannn eé aHTMbGaKTepuasbHble CBOMCTBA
[15]. B 1959 rogy onwucaHa CTPyKTypa 3TOro coeguHe-
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Hua [16]. ABTOpbl OTMETWAW, YTO aHTMOaKTepuaib-
Hble CBOICTBA NPOSBAAT W ApYrue >XUPHbIe KUCIO-
Tbl [17]: kanpoHoBas (CEHUCOOH) [18], kanpunoBas
(CHIBCOOH) [19], kanpuHoBasa (CHICOOH) [20],
NpUYéM KanpoHOBast KUCNOTa OKa3blBaeT Haubosiee Bbl-
pakeHHoe Bo3feicTeue Ha Salmonella entérica.

Ta6r||/|u,a 1 - Buonornyeckn akTUBHbIE KACNOT bl MYEMHOIN0 MaTOUYHOro MOJI0YKa

Ne HasBaHue coegnHeHs Ccbinka
1 10-rugpokcun-A,2-geueHoBas kucnota [21] [14, 15, 25]
2 10-rngpokcu-geleHoBas Kucnota [22] [8]

3 9-0Kco-2E-aeueHoBO K1cnoTbl [23] [20]

4 9-KkapboKcn-2E- HOHWIEHOBAsA KNC/oTa [8]

5 3,10-gurngpokcnaekaHoBas kucnota [51] [8, 24]

6 3,12-agurnapokcnaekaHoBas Kucnota [25] [8]

7 3-rmapokcuaekaHoBas Kucnota [26] [8]

8 CebaunHoBas kucnota [27] [8]

BbisiBneHa NpoTUBOMWUKPOOGHAsA aKTUBHOCTb 9-0kK-
co-2E-peueHoBoin kucnotel (Tabnuua 1). B kavecTse
3KCNepuUMeHTaNbHOW MOoZenn aBTopbl paboTbl Bbl6Gpanu
MacTUT KOPOB, UCXOAA U3 AaHHbIX 0 ToM, 4TOo 80% Mma-
CTUTOB UMEKT MUKpPOOHYH 3Tuonoruio [28]. Pesynb-
TaTbl paboTbl MOKa3anu, YTOo B MApPEHXMMHOM MOJIOKe
NPOUCXOANT AMHAMUYECKOE CHVDKEeHWE KOHLEHTpaumm
Streptococcus agalactiae no cpaBHeHUIO C UCXOLHbIMU
JaHHbIMKW. B npouecce akcnepumeHTa NpoBOAWAN CpaB-
HeHue peicTBus 0,3%-Hoil masn 9-okco-2E-aeueHOBOW
KUCNOTbl C TakMMy npenapaTaMyv Kak 3pUTPOMULIUH
[29] n MacTaspo3onb (CycneH3usi aHTMOMOTMKOB: GeH-
3UNNeHMUUNNANHA HaTpuesaa conb [30], cTpenTomMuLm-
Ha cynbtat [31], Hopcynbason [32]). V13 pesynbTaToB
nccnefoBaHUA cnefyet, yTo Yepes NATb AHEN NeyveHUs
c npumeHeHnem 0,3%-Hoil Ma3n 9-0Kco-2E-geLeHo-
BOM KMCNOTbl HabN04anochb CHWXEHWe KONu4yecTsa
Streptococcus agalactiae kak Ha MACO-NenTOHHOM arape,
TaK 1 B Ma3Kax U3 NapeHXMMHOro MOJIOKa, a yXe yepes
[ecaTb [HeN faHHbI MUKPOOPraHu3Mm nepecTan Bblje-
NATbCA. PUTPOMULMH M MacTaspo30/ib He nokasanu
Takoro pesynbtaTa u Yepes 30 fHei NpUMeHeHuUs.

MpoTurBOONYX0NeBas ak TUBHOCT b

B 1959 rogy 6binn ony6anKoBaHbl pe3ynbTaTbl MC-
cnefoBaHWs OMONOrMYECKON aKTUBHOCTM MaTOYHOro
MO/I0YKA B YCMIOBUAX IKCNEPUMEHTANbHOW NelikeMun 1
acumTuyeckux onyxonen [33, 34]. B pa6oTte 6bian nc-
NMonb30BaHbl TakKue KNeTOYHble NuHUKM, Kak 6C3HED
(MMHUS KneToK numdocapkombl), TA3 (MUMHUA KNeToK
OMyX0/M MOSIOYHON Xenesbl), MMHUA KNEeTOK KapLuHO-
Mbl Opnmxa. Monynaumm M30nUpoBaHHbIX KNeTOK CMe-
LUIMBAIM C MATOYHbIM MONOYKOM W BBOAUIN MOAKOXHO
Mbilwam nopogbl AKR. B 3akcnepumeHTe MCMNO/b30Banu
pasnuuHble (pakLMym MaTOUHOro MOJIOYKa, a B Ka4ecTBe
KOHTPONS 6blM UCMOMb30BaHbl PacTBOPbl JIMMOHHOM
KMUCNOTbl U CTaHAapTHbIN (hocgaTHbI bydep. B kauve-
CTBE KpUTepus a(heKTUBHOCTM B JaHHOM 3KCMEPUMEHTE
YUYUTbIBaNaCh BbIXXMBAEMOCTb XXMBOTHbIX: KOHTPOJIbHbIE
MbILWW rTM6M OT onyxonei Yepes 14 gHein. Mbiwen akc-
nepMMeHTanbHOM cepmmn Habnoganu ewé 90 gHein nocne
rMben KOHTPO/IbHbIX XXUBOTHbIX, 3aTeM YMepTBASAN U

NPOBOAMAN HEKPOMcuto. Pe3ynbTaTbl 3KCNEPUMEHTA [,0-
CTOBEPHO NOKa3anu Hannune MHrMbMpyroLLero athgekTa,
KOTOPbI/ OKa3blBa/l0 MaTOYHOE MOJIOYKO Ha NONyNsLuio
OMyXO0MeBbIX KMETOK B KoHUeHTpaumm 30 u 40 mr/mn.
AHaNorMyHbIM No 3 HeKTUBHOCTU NHITNBUPYIOLLMM 3¢-
thekTOM 061agaNa hpakLmns 3hMpopacTBOPUMbIX KUC/OT.
ABTOpPbI UCCEA0BAHNS OTMETUAN, YTO UHTUOMPYHOLLMM
[eicTBreM Ha MonynauMm OnyxoneBblX KeTOK 06/a-
pana 10-rngpokcu-2-geueHoBas kKucnoTa (Tabnumuya 1)
npn HKM3KMX 3HadveHunax pH (5,6-4,2). NHTepecHo, 4TO
npu HelTpansHom pH 10,2 FAK, gaxke npu ABYKPaTHOM
MOBbILIEHWN KOHLEHTPaLW, COBEPLUEHHO He NPOsBAsna
NHTMOUpYOLW NI addekT.

B KOHTpO/bHbIE TPYNMbl KNETOYHbIX CYCMNEeH3NiA He
po6asnanu 10,2 MAK, HO noHWXann pH A0 HU3KNX YpOB-
Heil. Takas npoueaypa He BAMANA Ha KNETOUYHbIE KY/lb-
TYpbl, U UX UHBEKLUA NPUBOAUMA K TMBEN XUBOTHbIX
yepes 14 gHeld. 3TO mccnefoBaHWe NO3BOMWAO chenatb
3aK/l04YeHNe 0 TOM, YTO TONbKO HEAMCCOLMMPOBaHHAs
10-rnapokcun-2-geLieHoBast  KMUC0Ta MNPOsBAsSeT onu-
CaHHY aKTMBHOCTb. YCTONYMBOE MHTMBUPYIOLLEe Aei-
cteme 10-rmapokcu-2-geueHoBoit kncnotbl (10,2 TAK)
Habnoganock Npyu KOHUEeHTpaumm 1 mr/ma. MexaHusm
penctena 10-rmapokcu-2-AeLeHoBo KUCNOTbl Ha Mo-
NyNAUMI0 ONyXoJeBbIX KNETOK B HACTOALLEe BPEMS He
n3BecTeH. Bbino MokasaHo, YTO Nepuoj BO3LENCTBMSA
10-rnapoKcun-2-aeLeHoBON KNCNOTbI 3aHMMAET 0T 3 40 6
MWHYT. pOMbIBaHNe MHIM6MPOBAHHbLIX KNETOK 6ydep-
HbIM PacTBOPOM C HeiTpaibHbIM pH He BOCCTaHaBNUBa-
eT NPoNNMepaTMBHY aKTUBHOCTb K/IETOK. 3TO MO3BO-
NNNO nccnefoBaTensM cAenaTb BbIBOA O TOM, YTO MO0
KUCNOTa NPOHUKAET BHYTPb KNETKU, MM60 Ype3BblYaiHO
MPOYHO CBA3LIBAETCSH C €€ NOBEPXHOCTbIO, O4HAKO, MeTO-
[0B Ans 6onee AeTafbHOrO UCCNeL0BaHUA B TOT MOMEHT
He 6bIn0 [34].

HeckonbKo No3xe, B MPOAOMKEHUE MPOTUBOOMYXO-
NEeBON aKTUBHOCTU KOMMOHEHTOB MYENMHOI0 MaTOYHOro
MO/I04Ka aBTopbl [35] NpeAnpuHSAAN MOMbITKY BbIACHUTb
B3aMMOCBS3b MEXJY CTPYKTYPOM XMPHbIX KUCIOT U UX
NPOTUBOOMYXO0NEBON aKTUBHOCTbLIO. C 3TON Liefbio 6b1In
0T06paHbl 3Mpbl psfa MOHO- U AMKApOOHOBbLIX KWCNOT,
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a TakXKe COeAUHEHUS, CTPYKTYPHO MOXOoXue Ha 10-ru-
[pOKCU-2-A€eLleHOBYI0 KUCMOTY. B akcnepumeHTe 6biin
MCNONb30BaHbl KNeTKN NeiKeMuUn Mblleil. Pe3ynbTathl
paboTbl MNOKa3anu, 4To HambosbLUel aKTUBHOCTbIO B OT-
HOLUEHUN KNETOK NelikeMun Mbllwein o6nagatoT aupbl
AMKapbOHOBbLIX KUCMOT, cofepxatyux ot 9 go 11 aTomoB
yrnepoga, a aupbl MOHOKap6OHOBLIX KACMOT MPOABAANN
MaKCMMaJibHYH0 aKTUBHOCTb NMPU HAIMYUU B UX CTPYKTY-
pe yrnepogHoit uenu ot 8 o 10 aTOMOB yrnepoga.

Mpn wuccnegoBaHUM  POACTBEHHbIX  10-rMapok-
CU-2-[eLleHOBOM KUCNOTE COefjMHeHW OblN0 MoKas3aHo,
YTO BBefeHWe B CTPYKTYPY MOMeKy/bl KETO- WU amung-
HOM rpynnbl MM60 3HAYUTENIbHO YMeHbLUaeT, AnMbo nos-
HOCTbIO YCTpaHsAeT MPOTUBOOMYXONIEBYH) aKTUBHOCTb.
ABTOpbI 0C060 OTMEYaroT TOT (haKT, YTO ITUMOBLIN AhUp
9- OKCUAeLeHOBOW KWUCNOTbl He NPOSABASET aKTUBHOCTU.
3T0 MOXET 6blTb BaXHbIM Hab/lOAEeHNEM B CBeTe TOro,
yTo 9-okcugeueHoBas kucnota (Tabnuua 1) sBnseTcs
OCHOBHbIM KOMMOHEHTOM, CEKPeTUPYeMbIM MNYeNHOM
MaTKOW. Pe3ynbTaTbl paboTbl MO3BOAUN CAENATb BbIBOS,
0 TOM, YTO TakMe MasoTOKCUYHbIE COeAMHEHMS, KaK Kap-
60HOBbIE KWCMOTbI CMOCO6HbLI NOAABNATb POCT CYCMEeH-
31N KNETOK NeiKeMUU Mbilleld B KOHLeHTpaumsax 0,1 mr
Ha mn [35].

Mo3xe, B ycnoBumaAx in vitro, 6bina nokasaHa npo-
TUBOOMYX0/eBas aKTUBHOCTb AECATU XUPHbIX HEHAChI-
LEHHbIX KWUCNOT, KOTOpble 6blIM CMOCO6HbLI NMOMHOCTLIO
MHrM6UpPOBaTb POCT K/ETOK onyxonu 3pnuxa npu pH
4.0. ABTOpbI BbIAeNUAN Chefytoline COeAnHeHUs: Co-
pbuHoBas, 2-HOHeHOBas, 2-AeLeHoBas, 9-feLeHoBas,
10- yHfAeueHOBas, NMHOMEBAA U NMHONEHOBASA KUCMOTbI.
AHanornyHble pesynbTaTtbl 6blIM MOMYyYEHbl MpU MC-
Nonb30BaHUK KNeTOoK nnumdgocapkombl MapgHepa n TA3
[36]. PesynbTathl 3KCNepMMeHTa NOKa3ann 3aBUCUMOCTb
3((heKTUBHOCTU BO3AENCTBUSA KWUCNOTbl HA KNETKU OT
KOHLeHTpauuu BewwecTs 1 pH cpeabl.

FoOpMOHOMOAO6HLIA 3PDeKT MNYEMHOr0O MaTOou-
HOro Monoyka

MuennHoe MaTOYHOE MOJSIOYKO CMOCO6GHO 0Kasbl-
BaTb OPMOHOMOLO6GHOE BO34ENCTBME Ha OpraHuaMm
MieKonuTaloWwmnx. B HacTosAwee Bpemsa aTOT aPdeKT Jo
KOHLA eLlg He AACEH M aKTUBHO M3y4aeTca pasfiMyHbIMM
Hay4HbIMK Trpynnamn. JOQdeKT BO3AEHCTBMS MaTOuy-
HOr0 MOJ/I0YKA WM ero KOMMOHEHTOB 3aBUCUT OT nona
XXUBOTHOro. [lo6aBneHne MaTo4yHOro Monovka (B fo3e
200, 400 nnn 800 Mr Ha OAMH KWAOrpamm macchl Tesna
YXUBOTHOr0) B paLMOH KPOWKOB, BbI3BAI0 MOBbILUEHMWE
YPOBHS TECTOCTEPOHA Y CaMLOB, YBEIMYWO pasmep ce-
MEHHWMKOB W NOABWMXHOCTb crepmaTo3onaos [37]. B To
e Bpems, Npu BBEAEHUN MATOYHOr0 MOJIOYKA B paLMoH
KpbIC-CaMOK C YAaNnéHHbIMW AMYHMKaMK 6blna nokasaHa
€ro 3CTPOreHHas akTMBHOCTL [38].

3aBMCMMOCTb OT KOHLEeHTpaLMm MaTo4HOro MoJoy-
Ka B pauuoHe >XXMBOTHbIX U YPOBHS CBOHGOAHOMO TeCTO-
CTepoHa Oblfa NoKaszaHa 3KCNepuMeHTaIbHO B YCI0BUSAX
AnvTenbHoro KopmneHus (12 Hegenb). PesynbTaThbl pabo-
Tbl NOKa3anu, 4To BBEAEHWE B paunoH MMM nHrnbupy-
€T BO3PaCTHbIe M3MEHEHUS PYHKLMIA ceMeHHMKOB [39].

Mo3xe pesynbTaTbl A/IMTENbHOrO BO3LENCTBUSA Ma-
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TOYHOIO MOJIOYKA HAa OPraHu3M MIEKOMUTAIOWMX 6bLIN
n3yyeHol nogpobHee [40]. Heo6xo4MMOCTb Takoro mc-
cnefoBaHUA aBTopbl paboTbl O6BACHUIM TEM, YTO WH-
thopmaLun 0 BO3MOXHOM HeraTMBHOM BAUSHWMW 3TOrO
NPOAYKTa Ha PenpoayKTUBHYK CUCTEMY MJIEKOMUTAIO-
WMX 4pe3BblyaliHO Manio, B TO BPEMS KaK 3K30reHHble
3CTPOreHbl CNOCO6HbI BbI3bIBATb TAKME OCMOXKHEHMUS, KaK
KPUNTOPXMU3M U CTPYKTYPHble aHOMAIMN B CEMEHHMKaX
[38].

Bbino 06Hapy)eHo, YTO B rpynne Kpbic, NOnyvaB-
LWKMX 6ONbLIOE KOMMYECTBO MATOYHOrO MO/OYKA, Npou-
30LU/10 N3MEHEHWE B3BELUMBAIOLLNX KOIDDULNEHTOB ANA
TKaHeil M OpraHoB, a UMEHHO: 3HauYUTeNbHO CHU3WUJICS
KO3(h(DMLMEHT ANsi TaKMX OPraHoB Kak rmnogus m ce-
MEHHUKN. Takxxe 6b1/10 OTMEYEHO, YTO Y 3TUX XMUBOTHbIX
CHWXKanacb KOHLeHTpaLms cnepmaTo3onioB B CEMeHHOW
XUAKOCTU. YPOBeHb IIOTPONUHA U DONAUTPOMNMHA B Cbl-
BOPOTKE KPOBW 3KCMEPUMEHTAaNbHOM FPYNMbl 3HAYNTE b-
HO YMEHbLUWUACA B CPABHEHUUN C KOHTPONLHOW rpynmnoi,
0[iHaKO KOHLeHTpaLma acTpajMona Bblpocna u 3asncena
OT f,03bl BBOAUMOIO MYeNHON0 MaTOYHOr0 MOMOYKA.

MpuMeHas MeTofL OLEHKM KOMMYecTBa CrepMaTo3o-
nAoB, ABNAIOWMIACA OAHUM U3 CamblX YYyBCTBUTE/IbHbIX
NPy U3yveHnn GakTopoB, BAUAIOLLMX HA CepMaToreHes,
66111 NpPOBeAEHbl UCCNEA0BAHNSA MO BbISBAEHUIO Xapak-
Tepa BO3[AENCTBMS MAaTOYHOIO MOJIOYKA Ha OpraHu3M
MbiLel [41]. Ha konnuecTBeHHbIe NoKa3aTenu 3Toro Me-
TOAA CyLLeCTBEHHbIM 06pa3oM B/USAIOT CUHTETUYECKUE
aHabonuueckue cTepoufbl. B pamkax npennoXKeHHOW
3KCNepuUMeHTaNIbHOM MOAEeNMW, Mbllin 6blIN pasgeneHbl
Ha rpynnbl: Nepsas rpynmna - 3T0 KOHTPO/bHbIE MbILK,
KOTOpbIM B Te4yeHue 30 AHel BHYTPb Yepes XenyaouHbli
30H4 BBOAMAM 0,1 M (DM3MONOrNYECKOrO pacTBopa; BTO-
pas rpynna - >XWBOTHblE, NOAyYatoLLNe TONLKO OKCUME-
TanoH B fo3e 5 Mr/kr B TedeHne 30 fHeld; TpeTbs rpyn-
na nofiyyana To/bKO MaTOYHOe MOJSIOYKO NepopaibHO B
fo3e 100 mr/kr B TeueHne 30 gHeld. YeTBépTas rpynna
- MbILWW, KOTOPbIM B TeueHue 30 LHe BBOAUAN OKCUMe-
TafloH U MaTOYHOEe MOJIOYKO B f03e 5 Mr/kr n 100 mr/kr
COOTBETCTBEHHO.

OkcumeTanoH [42] sBnseTca CUHTETUYECKUM Mpo-
M3BOAHbLIM TECTOCTEPOHA M CNOCOOEH [OCTOBEPHO CHU-
XaTb MHTEHCMBHOCTbL crniepmartoreHesa y kpoic [43]. B
[JaHHOM 3KCnepuMmeHTe Obl10 NOKa3aHo, YTO KOMMYECTBO
CNepmarTo30M0B 3HAUYMTENbHO YMEHbLUUAOCH B Fpynne,
KoTopas nonyyana OKCMMETAIOH U HEMHOrO YBeNYu-
Nocb B rpynne, KoTopas nosiyyasna MaTouHOe MOSIOYKO U
OKCUMEeTaoH. Pa3nnumnii B XXn3HecnocobHOCTH crnepma-
TO30MA0B MeXAY ABYMSA 3TVMMW rPynnamMu BbISIBNEHO He
6bin0.

Takoil BaXHbIA MoKa3aTeNlb, KakK MOABMXKHOCTb
cnepmaro3ougoB, Obifl Bbille B rpynne Mbilweid, KoTopas
nosy4yana OKCUMETANOH M MATOYHOE MOJIOYKO, OAHaKO
rpynna, Kotopas rosy4yana TO/bKO MaTO4YHOe MOJIOYKO
NpakTUYeckn He OT/MYanacb No 3TOMy napameTpy oOT
KOHTPO/IbHOMA.

MokasaTenb MeA/IeHHOro NPOrpPecCUBHOrO [ABUXe-
HWA BNepés He 0TAMYaCA MeXay KOHTPOMIbHOM Fpynno
W rPynnoi, nonyvatoLein MaTo4YHOE MOOYKO, OAHAKO,
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rpynna, nonyvawooLwias OKCMMeTanoH, Mokasana 6onee
BbICOKME 3HAYEHWs B CPaBHEHWUMW C KOHTPOJIbHOM rpyn-
NoW. VIHTepecHo, YTo rpynna, NoayyasLllas U OKMMeTa-
NIOH U MaTOYHOE MOJIOYKO, Oblfa XyXe BCeX 0CTaNnbHbIX
no JaHHOMY NoKasaTesto.

lMokasaTenb OCTATOYHOrO [ABMXKEHMS Obla MpakTu-
YeCKV OAMHAKOB Yy BCeX rpynmn, HO rpynna, nonyyasLlas
OKCUMETANOH W MAaTO4YHOE MOJIOHYKO, HE3HAYUTENbHO
npeBocxofunia no AaHHOMY napameTpy BCe OCTasbHble
rpynmbl, BKAOYas KOHTPO/bHYHO.

MokasaTenb HernoABWMXHOCTU CNepmMaTo30MioB Obin
NPakTUYeCcKn OAMHAKOB B rpynnax, MofiyyaBllnX TOMb-
KO OKCMMET&I0H U Y XMBOTHbIX, NOJy4YaBLUNX OKCUMe-
TafIoH C MaToO4YHbIM MOIOYKOM. oKa3aTesnb 06enx aTux
rpynn 6ol Bbile, YeM B KOHTPO/ILHOM rpynne u B rpyn-
ne, NosyyasLUeli UCKNHYUTENIbHO MAaTOYHOE MO/OYKO.

YpoBeHb TECTOCTEPOHA CHWU3WACA B rpymnne, nony-
YyaBLUei OKCMMETA/IOH MO CPaBHEHWUIO C KOHTPObHOWA
rpynnoi, 04HaKo B rpynne, nofy4asLleil MaTO4HOE MO-
NIOYKO, YPOBEHb TECTOCTEPOHA NPEBOCXOAMN NOKa3aTeNu
KOHTPONbHOW rpynmbl.

OkcumeTanoH o6nagaeT cnocO6HOCTLIO 3HAUUTEb-
HO YBENNUMBATb Y XXMBOTHbIX 4O/ OCTAHOBUBLUNXCA B
pa3BuTMM 3M6pPMOHOB. B gpyrom umccnefoBaHuu 6bino
MOKa3aHO aHTaroOHWCTUYEeCKoe [eiCTBME MaTOYHOro
MO/04Ka K AaHHOMY npenapaTy [44]. ABTopbl Nokasa-
N, YTO BHYTPUMBILLEYHOE UM NepopasnbHOe BBEAeHMe
MaTO4YHOro MOJI0YKa aKTMBMPOBANO peakuumn acTpyca u
YBEMUMNMI0 YaCTOTY HACTYNeHUs 6epeMeHHOCTHU.

AHanuampys pesynbTaTbl 3KCNEPUMEHTOB C OKCUMe-
TaSIOHOM MOXHO MPeAnonoXuTb, 4TO MaTOYHOE MOJIOYKO
[JOMKHO 006nafaTh BbIPaXKEHHbIM 3CTPOreHOMNoA00HbIM
3(heKTOM, 0OfHAKO AONONHUTENbHbIE 3KCMEPUMEHTBI He
nogTeepxgatoT 3Ty runotesy. B 2004 rogy rpynna mc-
cnefoBatenell M3ydana faHHblli BOMPOC, MCMNOMb3ys B
KayecTBe BelLecTBa cpaBHeHMs 6ucheHon A [45]. 3To
COeIMHEHME aKTUBHO MUCMOMb3YeTCs B XMMUYECKOW Npo-
MbILLIEHHOCTM M aXe NPY HU3KNUX KOHLeHTpaLmsax cro-
COGHO MpPOSIBNATb BbIPAXKEHHYH 3CTPOreHONoA06HYH0
aKTUBHOCTb, MPOBOLMPYA pa3BuTUe 3aboneBaHWin ANY-
HWKOB W apyrve OTKIOHeHus [46]. BucdeHon A cnoco-
6€eH BbI3blBaTb Nponudepaunto Knetok MCF-7 (KneTku
paka MOJSIOYHOM XKenesbl) U BAUSET Ha 3TU KNeTKW 4030-
3aBMCKMO: T.e. MPW YBENNYEHUN KOHLEeHTpauuun bucde-
Hona A NPOMCXOAUT YBenuUueHue nponudeparmm Knetok
[47]. ABTOpbI MccnegoBaHWUA NPeANONOXKMAN, YTO 3(-
(heKT BO3AENCTBMA MaTOUYHOrO MOJSIOHYKA Ha KeTKU fin-
HUM MCF-7 6ygeT CXOfeH C TeM, Kakoii oKasblBaeT buc-
(heHon A. OaHako, pesynbTaTbl IKCNePUMEHTa NoKasanu,
YTO MaTO4YHOe MOMIOYKO HEe3HAYUTENlbHO WHrnoupyet
nponugepaynto knetok MCF-7. Habntogaemblii aththekT
aBTOpbl 0OBACHUIM BapuMaTUBHOCTbIO COCTaBa MaTou-
HOTO MOJIOYKa, SBAAKOLWErocs MNPUPOLHLIM  CbIPbEM.
OTMeYeHo, YTO NpPU COBMECTHOM BHECEHUW MATOYHOro
mMonouka u buceHona A B NUTaTeNbHYIO Cpeay KNeTok
MCF-7 nponcxoguT BblpaXXeHHOE MHTMO6UpoBaHNe Npo-
mepauun. IhheKT MHIIMO6MPOBaHNA HabOAANCA AaXKe
B TOM CNyyae, ec/in MaTOYHOE MOJIOUKO MpefBapuTensHO
NOABEPranoch HarpeBy C LE/blo paspyLleHns TepMo3a-
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BUCUMbIX KOMMOHEHTOB CMecu. 3TO MO3BOAWUO CAenaTb
BbIBOL O TEPMOCTAbWNbHOCTU WHIMOMPYIOLLErO KOM-
MOHEHTa, a NPUYMHOM UHIMBMPOBaHUSA NponudepaLmm
KNETOK AIBNAETCH HalMyme B MaTOYHOM Monouke 10-ru-
LpOKCK-2-[eLleHOBOM KUCNOTbI, OfHAaKO 3Ta uges 6bina
OMpOBEPrHYTA 3KCNEPUMEHTAIbHO.

MokasaHo, 4To 10-rMapoKcu-2-feueHoBast KUcno-
Ta CcnocobHa MHrMbMpoBaTb aKTUBHOCTb MATPUKCHBIX
MeTanIonpoTenMHas: KonnareHassl 1 v ctpomennsvHa 1
[48]. BbickazaHO MHeHMWe, YTO Habnwgaemoe MHrM6U-
poBaHWe MOXET OblTb CBA3aHHO CO CTPYKTYPHOM CXOXe-
CTbI0O HEKOTOPbIX Y4acTKoB 10-rufpokcu-2-feLeHoBoi
KUCNOTbI C MOMEKy/aMu 3cTporeHos. lMocne npumMeHe-
HUSA 9-0KCUAeLEHOBOW KUCNOTbI BO BCEX OMbITHBIX Fpyn-
Nax >XMBOTHbIX 0TMeYanoch yBe/iMyeHne KOHLEHTpaLuum
cnepmarosomgos B 1 mn (P>0,05) [49, 50].

VHTepecHble AaHHble 6blav MOMyYeHbl Npu KUccne-
[OBaHWUN BAIMAHWUA MYEIMHON0 MaTOYHOrO MOMI0YKA Ha
KPbIC C MHAYLMPOBAHHbLIM caxapHbIM AnabeToM. 3BecT-
HO, YTO Macca CEMEeHHUKOB, KOMIMYECTBO CNEPMbl U Noj-
BMXXHOCTb CMEpPMaTo30M0B 3HAYMTENIbHO CHWXKAeTcsa y
NauMeHTOB C caxapHbiM gnabetom [51, 52]. Takxe npo-
MCXOAUT CHUXEHMe YPOBHSA TECTOCTepOHa M OTMevaeT-
€S BaKyonusauus B CnepMaToOroHMsX U cnepmaTtoumTtax.
MponcxoauT yBeMyeHue TONLWMHbI CTEHKN CEMEHHbIX
KaHa/bLeB, NCTOLLEHME 3apoblLLeBbIX KneTok. Mpu ca-
XapHOM Anabete 6UONCKUA NOKa3bIBAET HaNMUKe Bakyo-
nusaunmm Knetok CepTonu AnYek Kak y yenoseka [53],
Tak 1y 60/bHbIX CaxapHbIM AnabeToMm Kpbic [54].

B onucbiBaemoil paboTe umccnefoBatenn MHAYUW-
poBanu caxapHblil AnabeT y KpbiC C NMOMOLLbIO CTpen-
TO30UMHa [55], KOTOpbIi BBOAWAN BHYTPUOPIOLINHHO B
KOHLeHTpaymm 60 mr/kr Beca »mBoTHoro [56]. Cornac-
HO 3KCNepMMeHTaNbHOMY M/1aHy, KpbICbl MY>XCKOrO nosa
6b1n cnyyaliHbiM 06pa3oM pasfeneHbl Ha 3 rpynnbl:
nepsas rpynna 6blaa KOHTPOSIEM, BTOpas rpynna - Kpbl-
Cbl C MHAYLMPOBAaHHbIM CTPENTO30LMHOM CaxapHbIM Au-
abeToMm, a B TPeTbl BOLUMN KPbICbl, KOTOPblE B A40MNOS-
HEHMWe K CTPenTO30LUHY eXeAHEBHO MOJlyvanu ¢ nuLle
nyefIMHOE MaTOYHOE MOJMIOYKO B KOHUeHTpauuu 400 mr/
KI BECA XXMBOTHOI0. Y CTaHOB/MEHO, YTO NPU OTMEYEHHOM
CHWKEHWNW BeCa XMBOTHbIX BO BTOPOI M TpeTbeld rpyn-
nax, B TpeTbel rpynne, rae XXWBOTHbIE MOMy4Yanu nye-
NIMHOE MaTOUYHOE MOJIOYKO, CHVKeHMe Beca Oblno AOCTO-
BEPHO HWXe.

Mpun aHanM3e rUCTONOrMYECKUX CPE30B BbISB/EHO,
YTO Y KPbIC C MHAYLUPOBAaHHbLIM AMabeToM OTMeyanachb
Jerpafaums CemMeHHbIX KaHanbLeB. Y XWMBOTHbIX BTO-
poil 1 TpeTbel rpynnbl 0TMEYasoCh YMeHbLLEHWE Yncna
VionceHa [57], 04HaKo, y KpbIC, MOMYYAIOLLNX MUYENMHOE
MaTOYHOE MOJIOUKO, Yncno MoHceHa 6bin0 Bbile. Ypo-
BEHb TECTOCTEPOHA B 3KCMEPUMEHTaNbHbIX rpynnax obi1
HWXE, YeM B KOHTPONbHOM rpynne. Ecnn B KOHTPONb-
HO rpynne KOHLeHTpauusa TecToCTepoHa CcocTaBuna
2,39 £ 0,4 Hr/mn, TO B 3KCMepUMEHTaNIbHON rpynne -
0,036 + 0,01 Hr/mnA, a B rpynne XXMBOTHbIX, NOMYYaBLUNX
NYenMHOe MaToYHOe MOoYKo - 0,046 + 0,01 Hr/mn.

YpoBeHb anonTo3a B CEMEHHbIX KaHablax onpe-
[ensanu yepes NoACHET Kacnasbl-3-MO3UTUBHBIX KNETOK.
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ViccnegosaTtenu nokasanu, 4To ypoBeHb anontosa Obi
3HaYMTeNbHO BbiLe B Fpynnax ¢ MHAYLMPOBaHHbIM Auna-
6eToM, OZHAKO MpW cpaBHEHWW TPETLER 1M BTOPOI rpyn-
nbl MeXxay co60l yaanoch BbliBUTb TO, YTO B rpymnne
KpbIC, KOTOPbIE MONyYanu NYeIMHOe MaTOYHOE MOIOYKO,
YPOBEHb anonTo3a 6bla1 HUXKE, YeM B rpynne ¢ aKcnepu-
MeHTa/IbHbIM CaxapHbIM AnabeToM.

YpoBeHb nponudepaumm KNeTok B CEMEHHbIX Ka-
Hanbuax 6bi1 3HAYUTENBHO HUKE Y Tpynn ¢ UHAYLMPO-
BaHHbIM [MabeTOM B CpaBHEeHWM C KOHTPONbHON rpyn-
noii. OfHako y rpynmnbl KpbIC, NOAYyYaBLIUX MYeUHOoe
MaTO4YHOEe MOJIOUKO, YPOBEHb NponudepaLmmn 6bin BbiLLe,
YeM Y 3KCMepuMMEHTaNbHOM rpynnbl 6e3 370l fJo6aBKy.

ABTOpbI, UCCNeAYS KPbIC CYAaNEHHbIMU AUYHUKAMM,
06paTUIN BHUMaHUWe Ha TO, YTO U3MEHEHWEe Macchl Tena
N OpraHoB >XMBOTHbIX, NOyYaloLNX MaTOYHOE MOJIOY-
KO, NPOMCXOAMT N0 APYroii cxeme, Yem 310 HabntoLaeTcs
npu 06bIYHOW OBapMeKTOMUW. Tak, ecnun B CTaHAApTHOM
BapuaHTe onepawuus Bbi3blBana yBennyeHve obLein mac-
Cbl XWBOTHbIX, NPOUCXOAMNA aTpopua MaTkn U pasBu-
BasICA 0CTEONopo3, TO NPW BBEAEHWU B paLMOH MaTouy-
HOTO MOJI0YKa MPOUCXOAWN0 WMHIM6UpoBaHMe NoTepw
KOCTHON Macchl [58]. [ononHuTeNbHble MUCCnefoBaHuUs
in vitro nokasanu, YT0 MaTOYHOE MOSIOYKO CNOCO6CTBYET
HaKOMNEeHWIO KanbLns B KOCTHOMN TKaHW.

M3yyeHne MONeKynsapHbIX MeXaHU3MOB 3CTPOreHo-
NofO6GHOro BO3AENCTBUSA HECKONbKUX XUPHbIX KUCNOT
10,2 TOK, cebaunHoBOW KucnoTbl U 3,10-agnrnapokcu-
[eKaHoBOW KucnoTbl [59] n3 MMM [60]. MokasaHo, 4To
aHann3npyemMble XUpHble KMCNOTbl CMOCO6HbI BCTYNaTb
BO B3aMMOJeNCTBME KakK C a, Tak u ¢ P-peuenTopom
3CTPOreHa, OKasblBas BO3/eNCTBME HA CUCTEMY peryns-
LMW reHoB, BOB/IEYEHHbIX B MPOLLECC OTBeTa Npu BO3Ael-
CTBUM 3CTpagmona.

ConoctaBnss MOMyYeHHble  3KCMEpPUMEHTasbHbIe
[aHHble 1 pe3ynbTaTbl MOAENMPOBAHUA B3aMMOeiCTBMUSA
nccnefoBaHHbIX BeLecTB in silico, aBTopbl BbIgBUHY N
NpesnonoXeHNe 0 TOM, YTO MEPEUUCIEHHbIE XUPHbIE
KUCOTbl MATOYHOr0 MO/I0YKa CMOCOOHbI K CBA3bIBAHMIO
C KapMaHoOM firaHaa, KoHKypupys ¢ acTpaguonom. Pac-
CUMTaHHbIE 3HEpPruy B3aMMOLENCTBMSA MeXAy nuraHga-
MU 1 peLenTopoM NoKasaam, YTo aHann3npyemble Belle-
CTBa YAa4HO KOHTaKTMPYIOT C pPeLenTopoM 3CTpOreHa,
pacnonarascb B KapmMaHe furaHja.

AHTUMOKCMAAHTHAA akTUBHOCTb MaTOYHOIO MO-
noyka

[ns n3yuyeHns aHTUOKCUAAHTHOW aKTMBHOCTU Ma-
TOUYHOIO MOJIOYKA NPUMEHSNN 3KCNEPUMEHTAIbHYIO MO-
[eNlb, B paMKax KOTOPOW XUBOTHbIX (CaMLubl KPbIC ab-
6uHocoB Wistar) nogseprann ramma-o6ayuveHunto. Ans
OLLeHKMN BO3[eiCTBMA MAaTOYHOr0 MOMOYKA Ha OpraHm3Mm
XXUBOTHbIX NPOBOAUIN FEeMaTON0rMYeckoe, 6roxmmmnye-
CKOe W TMCTONOrMYecKoe MUCCNefoBaHNs. YCTaHOBNEHO,
YTO MATOYHOE MOJIOYKO NOMOXMTENbHO BAMSET Ha MHO-
rme nokasarefin B YCNOBUAX ramMma-obnyuyeHus. Tak,
Hanpumep, B OMbITHOW rpymnne, nojy4yasLleidl MaTOYHOe
MOJIOYKO, MPOUCXOAWO 3aMEeTHOE CHWXKEHWE KOHLEH-
Tpauun coeguHeHunii TMO6ap6UTYPOBOI TPynnbl, KOTO-
pble SABNAIOTCA MHAMKATOPAMWU NepeKUCHOro OKUCEHNS
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nmnugos [61]. Mpu cpaBHEHUM 06NYYEHHBLIX KPbIC ©
KpbIC, KOTOpble MOflyYyann MaTO4HOe MOMOYKO B YC/O-
BUAX Y-061yYeHUs, YCTaHOBMEHO, YTO Ha (hoHe npuéma
MaTOYHOr0 MO/I0YKa NPOUCXOAMT 3aMeTHOe yNyulleHune
BCEX rematofiorMyeckumx rnokasartenieid. Takxke 6bi10 no-
KasaHo, YTO Yy rpynnbl, Nony4yasLuell MaTOYHOE MOJIOUKO,
NPOMCXOAUT YNYyULLEHNE B CTPYKTYpe CepAeyHOn MbiLu-
Lbl U HOpPManu3aumsa QyHKUUA Kanunnspos aHAO0TENNS.
ABTOpbI CAenany 3akntoyeHe 0 TOM, YTO Hablo4aeMblit
3(h(heKT 6blN1 CBA3AH C aHTUOKCUAAHTHON aKTUBHOCTbIO
MaTO4YHOro Mosiouka [62].

Bronoruyeckas ak TMBHOCTb Aa Nyenbl

a4 nuenbl npefcTaBnseT CO60M CNOXHYK CMECh
6e/1KoB ¥ NenTULO0B, KOTOpas OKa3blBaeT pa3HoMIaHOBoOe
BO3[eicTBMe Ha opraHuM3m. OCHOBHbIM KOMMOHEHTOM
NYeNHOrO A4a ABNSETCA MEeNUTTUH [63], KOTOPbIV Npu
BbICOKMX KOHLEHTPALMSAX BbI3bIBAET IM3UC KNETOUHbIX
MembpaH, a npu cyb6nMTMYecKMX - 06pa3yeT MOHHbIe
KaHanbl B NUNWAHOM 6MCNOe KeTKW, AEeMOHCTpUpYS
KaHano(opMepHyH0 aKTUBHOCTb [64]. OpyrvMu Komno-
HeHTaMW NYennMHoOro sfga senaTcs anammH (PubChem
Compound Database; CID=90684471) [65], macTonapaH
(PubChem Compound Database; CID=6324633) [66] u
thoctonmnasza A2.

MepeyncneHHble KOMMOHEHTbI 06/184al0T BblpaXKeH-
HOI (hapmMaKoNorMyecKoin akTMBHOCTLIO: NOKa3aHa cno-
COBHOCTb TUHA CHMXKATb KO/IMYECTBO MapKePOB MOBPeX-
[LeHUs neyeHW NpU 3KCNEepUMEHTaSIbHOM XONlaHrnTe |
6unnapHom thnbpose [67], a BHYTPUOPIOLINHHOE BBEAe-
Hue tocgonmnasbl A2 (KP 3.1.1.4) cnocobHO CHMXaTb
TENNOBYIO M MEXaHUYECKYIO aifIOAMHNIO Y KPbIC B yC-
NOBUAX 3KCMEPUMEHTANIbHOIO BBEEHNSA oKcanunnaTmHa
[68] . ABTOpbl paboTbl CUMTAIOT, YTO MEXaHW3M BO3AEW-
cTBUA odonunassl A2 6a3MpyeTca Ha akTMBaLUM HOpa-
LPEHEePruyecKoi CUCTEMbI perynsuuu.

B ycnoBusx aKcrnepuMeHTasbHOro (nbposa noyex
Y MbiLei 6bI710 NOKa3aHo, YTO MPU BHYTPUOPIOLLIMHHOM
BBEAEHUWN MYeNNHOrOo AAa HabN4anoch CHUXKEHWE KOMu-
yecTBa 6enka TNF-a u uHTepneikuMHa 1, KoTopble ABNA-
I0TCA Mapkepamun pasBuTUSA MHAYLMPOBAHHOIO hrubpo3a
noyek Nocse 0L4HOCTOPOHHeW 06CTPYKLMM MOYETOUHMKA
[69] . YcTaHOBNEHO TakXe, YTO Y 3KCMNEPUMEHTa/bHbIX
MblLLE MPOUCXOANT 3HAUUTENIbHOE UHTMOMPOBaHME 3KC-
npeccun TGF-P 11 gprnbpoHekTnHA. ABTOPbLI UCCNeA0Ba-
HWSA caenanuy 3akyeHne 0 TOM, YTO MHBEKLUUM Nyenu-
HOro fia CNOCO6HbI CHMXATh UHTEHCUBHOCTb Pa3BUTUSA
(hnbpo3a nouex.

CoBpeMeHHOMY NOHMMAaHUI0 MeXaHU3MOB NPOTUBO-
BOCMaNNTENbHbIX CBOWCTB MYEMHOIO A4a U ero KoMno-
HEHTOB NMpPU NeveHNn hrbpo3a neveHu, aTepockneposa u
60ne3Hein KoXn NocesALWEH 0630p nuTepaTypsbl, onybnm-
KOBaHHbIV rpynnoii aBToOpoB U3 YHUBEPCUTETOB Tary u
CugHes [70].

B 0630pe, MOCBALWEHHOM BO3MOXHOCTU MpPUMeEHe-
HWSA NYENMHOTO U OCMHOrO AA0B A8 NIeYeHUs 1 Npogu-
NaKTUKWN HelipodereHepaTuMBHbIX 3aboneBaHuWi, rpynna
aBTOPOB paccMOTpena NoAxoAbl NPUMeHeHNs NYeIMHOro
f4a K BO3MOXHOCTU fledeHUs Takux 3aboneBaHui, Kak
60ne3Hb Anbureimepa, 60ne3Hb [MapKMHCOHA, 3NW-
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Nencus, paccesiHHbIli CKMepo3 M 6OKOBOW aMUOTPOdK-
yeckuii cknepos [71]. OTMeYeHOo, YTO BO3MOXHOCTb MC-
NoNb30BaHWA f4a NUéN 4N neveHms 3TUX 3aboneBaHui
TONMbKO HauMHAeT M3yyaTbCsl, OfHAKO NpefBapuUTe/ibHbIe
pesy/bTaTbl MO3BOMSAOT MM MCMbITbIBaTb OCTOPOXHbIN
ONTUMM3M.

Ony6mkoBaH 0630p 0 TepaneBTUYECKMX 3(teKTax
M MexaHu3Max BO3[e/CTBMS MUEIMHOMO f4a Npu fieve-
HUM UMMYHOMOTMYECKNX M HEBPONIOrMYeckux 3abone-
BaHWi [72]. ABTOpbI NonaratdT, YTO NYENNHbIA A4 061a-
[,aeT CUbHBIMU UMMYHOMOZLY/IMPYOLLMMU CBOMCTBaMU,
CMOCO6EH OKasblBaTb BO3AECTBME Ha INNaNbHbIE KNETKM
M HelipoHbl LeHTPa/IbHOW HEPBHOW CUCTEMBI, MPU 3TOM
O0TMeYarT, YTO MHOTME MexXaHW3Mbl BO3AENCTBUSA eLé
TONMbKO MPeACTOUT YCTaHOBUTb. OTAeNbHO OTMevaeTcs
TOT (DaKT, YTO NUENMHBINA A4 ABNSeTCS «0600A00CTPLIM
OPY>XMEeM», KOTOpbIA MPOSIBASET KaK HOLULENTUBHbIE,
TakK M aHTU-HOLMLENTUBHbIE CBOWCTBA U, B TOXE BpeEMS,
ABNAETCA CU/IbHBIM a/iepreHoM.

BblpaxeHHas 6uonormyeckas akTMBHOCTb MUE/IMHO-
ro fa YpesBblYaliHO MPUBNEKATeNbHA U ABNSETCS NpU-
YMHON MHOTOUNCIEHHbIX NMOMNbITOK €ro NUCN0/b30BaHMS B
MeAnLMHe 1 BeTepuHapuu. Hanpumep, 6bina npesanoxe-
Ha CTpaTervsi NoBbILIEHUS UMMYHUTETA CBUHEl B yC0-
BUAX 3KCMEPUMEHTANLHOI0 3apaXeHnst BUPYCOM penpo-
[LYKTUBHO-PECMMPATOPHOro crHapoma [73].

HecMOTpS Ha TO, YTO 3KCMEepUMEHTaIbHO 6blna Bbl-
IB/IeHa CNOCOGHOCTb MYENMHOrO0 A4a CHXKaTb KPOBSHOE
faBneHune [74], nyTem BO3AEWCTBMSA Ha MHTepopeLen-
TOpbl cepAaua u cocyfo [75], NoBbllleHWEM MPOHULA-
eMOCTW WX CTEHOK U BbI3blBaTb FMCTaMUHEPrUYecKuii
athhekT [76], neyeHne 3TUM MNPOLYKTOM He SBNSETCS
YCTOSIBLUMMCS B MEAULMHCKOM NpakTuKe. naBHOM npu-
UMHOI 3TOMY fIBNSIETCA HEYCTONUYMBOE M Mano NpeAacka-
3yemoe [elicTBMe MYENMHOro f4a Ha OpraH13m YesioBeka
[75]. Hanpumep, B yCnoBusAX HeLOCTaTOYHOCTU (YHK-
UMM CepAeYHOCOCYAUCTON CUCTEMbI, BBEAEHUE MYenu-
HOTO ja MOXET NPUBOAUTL K MOALEMY apTepuanbHOro
[aBNeHns 1 yBeIMYEHNIO cepaeyvHoro Beibpoca [77].

Takoe NoMoXeHWe 4efl N03BoASeT 60/1ee OCTOPOXHO
OLEeHWUTb MepCneKTUBbLI B CO3A4aHUM Kakoro-nmbo npe-
napaTta HanpaB/IEHHOr0 [eCTBMA Ha OCHOBE MYENHO-
ro aga. CuTyaums OCNOXHSETCA TeM, YTO COCTaB 3TOro0
MPOAYKTa HEMOCTOSIHEH U 3aBUCUT OT MHOTUX MepPeMeH-
HbIX [78], c60p NYennHOro sfa CMOXEH, a pecypcHas
6asa orpaHu4yeHa u nNojBep)keHa cokpalleHuto [79]. 3a
LecATUNeTs ero UccnefoBaHnii 6b110 OTKPLITO MHOXe-
CTBO MEXaHW3MOB U MpPOLECCOB OTBETa OpraHu3Ma Ha
BO34€eiCTBME MUENMHONO A4, YTO, 6e3yCNOBHO, MONOXM-
TeNbHbIM 06pa3oM O0TpasuIoCh Ha 06LLEM MOHWMAHUK
MHOTUX 6MOM0rMYECKMX 3aKOHOMepHOCTeR. OfHakKo fo-
CTaTOYHO CKPOMHbIE JOCTUXKEHWUS B 06/1aCTU CO34aHNS
MEeANLMHCKNX MpenapaTtoB Ha ero OCHOBe MO3BONSAIOT
BbIABVMHYTb NPEAMNOIOXKEHNE O TOM, YTO U B a/IbHeliLLIeM
MYenunHbIN A4 ByAeT BbICTYNaTb B poav n1abopaTopHOro
CTpecc-TecTa, aHajl0rM4yHoOro runepb6apuMyeckoin OKCcu-
reHaumm, KoTopasi, KCTatu, Takke NPUMEHSETCA B Meau-
LIMHCKOW NpaKTuKe.

B cpaBHeEHUW C MYEIMHOM SiA0M, NepCneKTUBbI pas-
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paboTkM npenapata HanpaBfeHHOro AeiCcTBMA Ha OcC-
HOBE MYe/IMHOr0 MaTOYHOro MOMIOYKa BbIFNAAAT 6onee
ONTUMUCTUYECKUMU. ITOMY CNOCOBCTBYET TO, UTO K
HacTosAwemy MOMeHTY u3 MMM yxe 6binn BblgeNeHbI
coefiMHeHns, 06nagatoLLme BblpaXXeHHbIM (hapMaKonoru-
YeCKUM AeliCTBUEM.

MpenctaBneHHble B Tabnuue 1 KMcnoTel o6nagatoT
OTHOCUTENbHO NPOCTOM CTPYKTYPOiA, YTO NO3BOAWO pas-
paboTaTb TEXHONMOrMIO NabopaTOpHOro CUHTE3a HEKOTO-
pbIX 13 HUX [80-83]. BO3MOXHOCTb XMMUYECKOIO NPOu3-
BO/CTBA aKTUBHbIX KOMMOHEHTOB MYE/IMHOr0 MaTO4YHOro
MO/I0YKa OTKPbIBAET MYTb K CO3JaHMUI0 SIEKAPCTBEHHOMO
cpeAcTBa M M36aBnseT NPOU3BOAUTENS OT HEobXoAMMO-
CTV OPUEHTMPOBATLCA HA MPUPOAHbIE UCTOUHUKN MepBO-
HayanbHOW cy6cTaHumMn. C 3aTOW TOUKM 3peHUs NUYennHoe
MaTOYHOE MOJIOYKO BbIFOAHO OT/IMYAETCA OT MYEIMHOro
A0a, Y KOTOpPOro AeiCTBYHOLWMMK KOMMNOHEHTaMu ABNS-
IOTCS (DEPMEHTbLI CO CMIOXXHOW TPEXMEPHOW CTPYKTYPOiA,
CUHTE3 KOTOPbIX YPe3BblHaliHO CIOXEH.

HecomHeHHbIM nipenmyutectsom 10,2 FAK n 9-ok-
c0-2E-geueHoBoin kucnotbl (9-O4K) aBnseTca T0, 4TO K
HacCTOALLEMY MOMEHTY YXe CYLLeCTBYIOT NpeAcTaBneHuns
06 UX MOTEHLNaNbHON MULLEHW: @ U B-peLLenTopbl 3CTPO-
reHa. OpPUEHTUPYACL Ha CTPYKTYPY 3TUX KUCNOT MOXHO
NMPOBECTN MOUCK NUraHA0B, KOTOPble C MakCMMasbHOM
3(h(heKTUBHOCTbLI OYyAYT CBA3LIBATLCA C BblOPaHHLIMM
MULLEHAMM, a NocneayoLLas XuMuyeckas Moampukaumns
3TUX MONEKY/ MO3BOIUT 0TO6PATh TOT TUM CTPYKTYP, KO-
TOpbIA HambonbwmM 06pa3om 6yAeT COOTBETCTBOBATbL
nocTaBNeHHON 3ajaye.

B cBoem 0630pe Mbl 0CTaBUAM 6e3 BHUMaHWA apyrue
NPOAYKTbI NYenoBoAcTBa (BOCK, MEA, Mepry, MYennuHyto
06HOXKY, MPONOANC, MYENHbIA NOAMOP, NMYNUHOYHBIN
rOMOreHat) W TakoMy u36upaTeslbHOMY MOAX04y €eCTb
NPUYKHBI.

Hannume 6MoNOrnyYeckoin akTUBHOCTU Y CIOXHbIX
NPUPOLHbLIX CMeceil (Hampumep, TakuX, Kak N4YesivHbIN
A4) 6asmpyetcs Ha 4/UTEIbHOM 3BOJIIOLMOHHOM MyTH,
KOTOpbIA onpegensieTcd UX (YHKLWOHANBHOCTHIO. 3TO
03HAyaeT, UYTO Kak MYennMHoe MaTOYHOe MOJSIOYKO, Tak
M NYeNUHbIA A4 NPOLM MHOXECTBO CTaguu 3BOIO-
LMOHHOW MoautmKaunm, pesynbTaToOM KOTOPbIX CTana
MMEHHO Habnogaemas 6uonoruyeckas akTUBHOCTD,
npefHa3HayeHHas B OA4HOM Cfiyyae CAY>XUTb 414 3aLiu-
Tbl, @ B APYrOM - perynupoBaTb MpoLecc AMYUHOUYHOIO
mopdoreHesa [84, 85]. Kak B nepBoM, Tak U BO BTOPOM
BapWaHTe - 3TO C/I0XHble 6UONOrNYecKne PYyHKLNK, Bbl-
MOMHeHWe KOTOPbIX He 06ecneynBaeTcs KakKUM-TO O4HUM
KOMMOHEHTOM. B HacTosLeM 0630pe upe3BblvainHO Mano
6b1710 yaeneHo BHUMaHWA 6eN1KOBOMY COCTaBYy MYennHo-
ro MaToOYHOr0 MOJIOUKA, HEKOTOPblE KOMMOHEHTbI KOTO-
poro o6nafatoT CBOEN BblpaXXeHHOI 6MONOTrMYeCKOon ak-
TUBHOCTbIO. [leTanbHO AaHHbI BOMPOC 6bla pacCMOTPEH
B 0630pe 2018 roga [86].

VIHTepecHO OTMeTUTb, YTO MPaKTUYECKUN BCe MPOAYK-
Tbl MYE/I0BOACTBA MOML3YHOTCA NONYAPHOCTHIO U LOBe-
pviemy HaceneHus (BKOYas camux MEPTBbLIX HACEKOMbIX
- TaK Ha3blBaeMblil «NYe/IMHbIA NOAMOpP»). YPOBEHb 3TOr0
MONOXMTENbHOr0 BOCNPUATUSA CTO/b BEIMK, YTO OHO pac-
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MPOCTpaHAeTCA AaXe Ha CMeXHble NpofyKTbl. Hanpu-
Mep, B NPOfaXe MOXHO YBUAETb 3KCKPEMEHTbI 60MbLLION
BockoBoli Monu (Galleria mellonella), koTopble 6e3 BCsiko-
ro 3KCNepUMEHTaIbHOr0 060CHOBAHWS TaKXXe HaJensT-
€Sl 06LIMPHBIMK (hapMaKoIorMyeckuMm ceoicTeamm. Mo-
[06HOe MONoXeHUe cOo34aéT MOPOYHbIA Kpyr, B KOTOPOM
NpoOM3BOAUTENN MPEnapaToB 3KCMAyaTUPYT B KOMMeEp-
YeCKUX LieNsiX BbICOKOE A0Bepre HaceNeHns K NpoayKTam
MYeIOBOACTBA, a HaceNneHue Moay4vaeT MOATBEPXKAEHME
Ha/IMuMst MHUMbIX (hapMaKoMorMUYecKrX CBOICTB, onupa-
ICb B CBOMX CYXX[IEHUSAIX HA PEK/IaMHble MOCbLTbl MPOU3BO-
anTenei. Takas cUTyaumsi cepbe3HbiM 06pa3oM KOMMpO-
MeTUpyeT BCE HanpaB/ieHue anuTepanuu, co3faBas faxe
B Hay4HbIX Kpyrax cneyuguyeckyto aTMmocepy BOCTop-
YKEHHOCTMW NPOAYKTaMu1 NYeNIoBOACTBA.

AHanu3 nyénnkaunii No f4aHHON TeMe MOKa3blBaeT,
yTO nojaBnsoLlee GONMbLUMHCTBO UccnefoBaTeneii He
nofBepralT COMHEHUI0 caM (PakT Hamums apmMakono-
rMYeckux CBOWCTB y anunpenapatoB. bonee Toro, onu-
caHue 6GMOMOrMYECKO aKTUBHOCTM MPOAYKTOB MYeno-
BOACTBA BEAETCA C MO3ULMU MX MO3UTUBHOIO B/MSIHUS
M TONbKO M3pefKa, U BCKO/b3b YNOMUHAKTCA HeraTue-
Hble (hakTbl (Hambonee 4acTo - pasBUTUE annepruye-
CKOW peakumun). TakoW MOAXOA CTaBUT MOJ COMHEHMe
CYLLECTBOBAHUSI KaKoin-nnmbo onpegenéHHoin 6Guonoru-
YecKOM aKTUBHOCTHU, TaK KaK 3TO CU/IbHO KOHTpacTupyeT
C 3KCMEPVMEHTaNbHLIMU JaHHbLIMU, MOMYYEHHbIMU OIS
[pYyrux BellecTs. Hanpumep, ecv OCHOBbIBAsICh Ha My-
6/mMKaumsx, MpoBecT 0T60pP NMPOAYKTOB MYEI0BOACTBA,
KOTOpble NpefnaraeTcsa UCMonbL30BaTh B MeAULuHe (Meg,
MbiNbLa, Nepra, NPonosnc) U cpaBHUTb OMMUCAHUE UX aK-

INTRODUCTION. Search and analysis of
biologically active substances is an important and
challenging task. There are many approaches to its
implementation, which are based on the use of individual
molecular components of cells, the cells themselves of
various types and adult organisms [1]. The efficiency of
such a search on the basis of a simple search remains
very low [2]. The accumulated experience of empirical
medicine (Medicina gentilitia) can be a good reference
point for conducting this kind of research, allowing us to
significantly narrow the spectrum of the initial sample of
molecules. Inthis context, asthe manufacturers informthe
public, the apipreparations having antimicrobial activity,
can lower blood pressure, dilate blood vessels, increase
the body’s resistance to infections, improve immunity,
etc., appear to be very interesting. [3]. However, in the
overwhelming majority of cases, the sources of data on
the described effects remain unclear. Moreover, when
reading modern domestic publications on this subject,
the attention is drawn to the maximum grey area of
the described biological effects and the absence of a
negative spectrum in them, which may indicate a lack of
experimental research in this area.

The list of honey products is quite broad-gauge and
includes such complex mixtures of substances as wax,
royal jelly, honey, beebread, bee pollen, propolis, «pche-
linyj podmor» (dead bees), bee venom, brood homoge-
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TUBHOCTM C TaKUMW NPUPOLHbIMU BUONOTMYECKM aKTUB-
HbIMW BeLLeCTBaMW, Kak, Hanpumep, BuTaMuHbl A 1 C,
TO MOXHO O6Hapy>XuTb, YTO 415 BUTAMUHOB CYLLECTBY-
eT KaKk MUHMManbHasd, Tak MakcumaibHas Jonyctumas
[03a, onpejeneHbl CUMMATOMbI aBUTaMUHO3a U TUMEepPBU-
TaMUHO3a KaK Y XWBOTHbIX, TaK W Y N04eld, NpoBejeHa
BO3pacTHas rpagauus LOMyCTUMOCTU CYTOYHON HOPMbI
M MHOrOe Apyroe, Yto NPAMO ChefyeT U3 3KCNepumMeH-
Ta/IbHO OnpejenéHHON 6MoN0rnYeCcKon akTUBHOCTM 3TUX
BewecTB. OfHaKo 418 Taknx NpPoAyKTOB KakK Npornonuc,
nepra v T.4. Takux paboT NpoBefeHO He 6blI0, XOTS UC-
CnefoBaHUA B 3TOM Hanpas/ieHUW NPOBOAATCS YXKe MHO-
rme rofbl 1 HEKOTOPbIe U3 3TUX BELLECTB NpeanaratoTcs
[NS UCNONb30BaHUS B MEAULUHCKON NpaKTUKe.

BAK/TIOYEHWE. PesynbTatel  NpPOBeAEHHOrO
nccnefoBaHUA MoKasanu, 4TO AanbHelillee M3yyeHue
BbISIBNEHHbIX OMOMOrMYECKN aKTUBHbIX KOMMOHEHTOB
(oeueHOBLIX KUCNOT) MaTOYHOrO MOMOYKa MYén npeg-
CTaB/ISIETCA YPE3BbIYANHO MEPCNEKTUBHBIM.

[JeueHoBble KUCNOTbl AEMOHCTPUPYIOT BbIPaXKEeH-
HYt0 6MOMOrNYeCKYH0 aKTUBHOCTb C/I0OXKHOIO ChekTpa:
aHTUbaKTepuanbHyt0, aHTUNPOUGepaTUBHYIO, FOPMO-
HONOAO06HY, aHTUOKCUAAHTHYHO. 3TW 3(eKTbl bbinn
MoKasaHbl Ha PasIMyHbIX XUBOTHbLIX MOLENSAX: MbILLAX,
KpblCax, KponnKax 1 oBLax.

MOXHO HajeaTbCs Ha TO, YTO MpK 0TpaboTke MeTo-
fa nabopaTopHOro CUHTe3a 3TUX COeAWHEHWN, CTaHeT
BO3MOXHbIM UX MaclTabHoe JOKIMHUYEeCKOoe Mccneao-
BaHMe, KOTOPOe MOXET CTaTb OCHOBOM MPU CO34aHNN Ka-
KOro-11b0o 1IeKapCTBEHHOr0 CPeACTBa C U3bMpaTe/ibHbIM
LencTenem.

nate, etc. Almost all bee products are highly trusted by
the population, which endues them with various thera-
peutic properties. On the one hand, this attitude is based
on tradition, and on the other hand, it is supported by
advertising campaigns, in which bee products are posi-
tioned exclusively from the point of the silver lining.

From the whole spectrum of honey products, bee
venom and royal jelly are the most studied. Royal jelly is
registered in Russia as a pharmaceutical substance (apilak
lyophilized) and has been produced in the lyophilized
form since 1973.

THE AIM of this review is to analyze the published
experimental data describing the biological activity of
the components of royal jelly and bee venom.

MATERAILLS AND METHODS. The study has
been conducted using search and information systems
(eLibrary, PubMed, CyberLeninka, ResearchGate)
and library databases (Russian State Library, Central
Scientific Agricultural Library). In the designated
databases, publications were searched by such terms as
“biological activity”, “bee royal jelly”, etc. The depth of
the search was not limited: the authors planned to cover
the maximum amount of works on this topic.

When analyzing the biological activity of any group
of substances, it was taken into account that under certain
conditions even noble gases can demonstrate such an
activity [4], which makes it necessary to take into account
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the conditions under which the effects of a particular
substance were studied. When selecting articles for this
review, the authors took this fact into account and used
only the articles in which experimental work methods
were described.

RESULTS AND DISCUSSION. The biological
activity of royal jelly (RJ) was described quite long ago
[5], but experimentally these observations were confirmed
muchlater [6, 7]. Royaljelly has acomplex multicomponent
composition, which changes during storage [8, 9] and its
fractions have different biological activity.

Antibacterial activity

The antibacterial activity of royal jelly was
experimentally confirmed as far back as 1939 [10]: it
inhibited the growth of both gram-positive and gram-
negative bacteria, however, with respect to gram-positive
bacteria, the effect was twice as effective. It was also
established that the antibacterial activity of royal jelly
decreases proportionally to its storage time [11].

For the first time the assumption that it is fatty acids
that can be responsible for the presence of Royal jelly
antibacterial properties, was made in 1945 [12]. Then the
authors describedthe inhibitory effect ofthese compounds
on the growth of streptococci and staphylococci in the
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concentration of 1/1000. The authors suggested that
further research of antibacterial components of Royal
jelly products would make it possible to develop new
preservatives for food products in the future.

In 1959 another group of researchers proved that
the antibacterial effect is provided by 10-hydroxy-A2-
decenoic acid [13], which is the main component of
the fat fraction of royal jelly. The experiment showed
that this substance is four times less effective than
penicillin in activity against Micrococcus pyogenes and
five times weaker than chlortetracycline when exposed
to Escherichia coli [14]. The authors found out that
10-hydroxy-A2-decenoic acid slows down the growth of
the fungus Neurospora sitophila, and hereby the authors
note that the salts of this acid have a reduced activity
compared to the substance itself.

In 1957, researchers A. Butenandt and H. Rembold
described a fatty acid (Table 1, No 1) and confirmed its
antibacterial properties [15]. In 1959, the structure ofthis
compound was described [16]. The authors noted that
other fatty acids also exhibit antibacterial properties [17]:
caproic (CHuCOOH) [18], caprylic (CHIBCOO0H) [19],
capric (CHCOOH) ones [20], hereby caproic acid has
the most pronounced effect on Salmonella enterica.

Table 1 - Biologically active acids ofroyaljelly

Ne The name of compound

10-hydroxy-A2-decenoic acid [21]
9-0x0-2E-decenoic acid [23]

9- carboxy-2E-nonylenic acid
3,10-dihydroxydecanoic acid [51]
3,12-dihydroxydecanoic acid [25]
3-hydroxydecanoic acid [26]
Sebic acid [27]

0o ~No oW R

The antimicrobial activity of 9-oxo-2E-decenoic
acid was detected (Table 1). As an experimental model,
the authors chose cow mastitis, based on the data that
80% of mastitis have a microbial etiology [28]. The
results showed that in the parenchymal milk there is a
dynamic decrease in the concentration of Streptococcus
agalactiae in comparison with the initial data. During the
experiment, the effect of 0.3% ointment of 9-oxo-2E-de-
cenoic acid was compared with such drugs as erythro-
mycin [29] and Mastaerosol (suspension of antibiotics:
benzylpenicillin sodium salt [30], streptomycin sulfate
[31], norsulfazole [32]).

From the results of the study it follows that after
five days of treatment with the use of 0.3% ointment
of 9-oxo0-2E-decenoic acid, a decrease in the amount of
Streptococcus agalactiae was observed both on meat-pep-
tone agar and in smears from parenchymal milk, and after
ten days this microorganism ceased to discharge. Eryth-
romycin and Mastaerosol did not show such a result even
after 30 days of use.

Antitumoral activity

In 1959, the results of the study of royal jelly biolog-
ical activity under the conditions of experimental leuke-

Link
[14, 15, 25]
[20]

(8]

[8, 24]
(8]

(8]

(8]

mia and ascitic tumors were published [33, 34]. Such cell
lines as 6C3HED (lymphosarcoma cell line), TA3 (breast
tumor cell line), Ehrlich carcinoma cell line were used.
Populations of the isolated cells were mixed with royal
jelly and injected subcutaneously into AKR mice. Vari-
ous fractions of royal jelly were used in the experiment,
and citric acid solutions and standard phosphate buffer
were used as controls. As a criterion of effectiveness, in
this experiment the survival of animals was taken into ac-
count: control mice died from tumors after 14 days. Mice
of the experimental series were observed for 90 more
days after the death ofthe control animals, then they were
killed and necropsy was performed. The experimental re-
sults reliably showed the presence of an inhibitory effect,
which royal jelly had on the population of tumor cells at
the concentration of 30 and 40 mg / ml. The fraction of
ester-soluble acids had the same action on the inhibitory
effect. The research authors noted that 10-hydroxy-2-de-
cenoic acid had the inhibitory effect on tumor cell pop-
ulations (Table 1) at low pH values pH (5.6-4.2). It is
noteworthy that at neutral pH of 10.2, 10-hydroxy-2-de-
cenoic acid even with a twofold increase in concentra-
tion, did not show an inhibitory effect at all.
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No 10-hydroxy-2-decenoic acid was not added to
the control groups of cell suspensions, but the pH was
reduced to low levels. This procedure did not affect
cell cultures, and their injection resulted in the death of
animals after 14 days. This study led to the conclusion
that only undissociated 10-hydroxy-2-decenoic acid
exhibits the described activity. A sustained inhibitory
effect of 10-hydroxy-2-decenoic acid (10.2 10-hydroxy-
2-decenoic acid) was observed at the concentration of
1 mg/ml. Nowadays, the mechanism of 10-hydroxy-2-
decenoic acid action on the population of tumor cells
is not known. It was shown that the efficacy period of
10-hydroxy-2-decenoic acid takes from 3 to 6 minutes.
Washing the inhibited cells with a neutral pH buffer
solution does not restore the proliferative activity of
the cells. This allowed the researchers to conclude that
either the acid penetrates the cell or it is extremely tightly
bound to its surface, however, there were no methods for
a more detailed research at that time [34].

Somewhat later, in continuation of the antitumoral
activity of the components of royal jelly, the authors [35]
attempted to clarify the relationship between the structure
offatty acids andtheirantitumoral activity. Forthis purpose,
esters of a number of mono- and dicarboxylic acids, as
well as compounds structurally similar to 10-hydroxy-2-
decenoic acid, were selected. In the experiment, mouse
leukemia cells were used. The results showed that the
esters of dicarboxylic acids containing from 9to 11 carbon
atoms have the highest activity against leukemia cells
of mice, and the esters of monocarboxylic acids showed
the highest activity when there is a carbon chain in their
structure from 8to 10 carbon atoms.

In the study of related 10-hydroxy-2-decenoic
acid compounds it was shown that the introduction of
a keto- or amide group into the structure of a molecule
either significantly reduces or completely eliminates the
antitumoral activity. The authors emphasize the fact that
9-oxydecenoic acid ethyl ester is not active. This can
be an important observation in the light of the fact that
9-oxydecenoic acid (Table 1) is the main component
secreted by the queen-bee. The results of the study led
to the conclusion that low-toxic compounds such as
carboxylic acids are capable of suppressing the growth
of mouse leukemia cells at concentrations of 0.1 mg per
ml of cell suspension.

Later, in vitro, the antitumoral activity of ten
unsaturated fatty acids was shown. They were able to
completely inhibit the growth of Ehrlich tumor cells [36]
at pH 4.0. The authors identified the following compounds:
sorbic, 2-nonenoic, 2-decenoic, 9-decenoic, 10-undecenoic,
linoleic and linolenic acids. The similar results were
obtained using Gardner’s and TA3 lymphosarcoma cells.
The experimental results showed the dependence of the
effectiveness of the acid on the cells on the concentration of
the substances and pH ofthe medium.

Hormone-like effect ofroyaljelly

Royal jelly is able to exert a hormone-like effect on
the mammalian organism. At present, this effect is not yet
completely clear and is being actively studied by various
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scientific groups. The effect of royaljelly orits components
depends on the gender of the animal. Adding royaljelly (at
the dose of 200, 400 or 800 mg per kilogram of the animal
body weight) to the diet of rabbits, caused an increase
in testosterone levels in males, increased the size of the
testes and sperm motility [37]. At the same time, with the
introduction of royal jelly into the diet of female rats with
ovaries removed, its estrogenic activity was shown [38].

The dependence on the concentration of royal jelly
in the diet of animals and the level of free testosterone
was shown experimentally under the conditions of
prolonged feeding (12 weeks). The results showed that
the introduction of RJ into the diet inhibited age-related
changes in the functions of the testes [39].

Later, the results of the prolonged exposure of the
mammalian organism to royal jelly were studied in more
detail [40]. The need for such a study was attributed by
the authors to the fact that there is very little information
about the possible negative effect of this product on
the reproductive system of mammals, while exogenous
estrogens can cause complications such as cryptorchidism
and structural anomalies in the testes [38].

Itwas found out that in the group of rats that received
royal jelly in large quantities, there was a change in
the weighting factors for tissues and organs, i.e.: the
coefficient for such organs as the pituitary gland and
testicles significantly decreased. It was also notified
that the concentration of spermatozoa in seminal fluid
decreased in these animals. The level of lutropin and
follitropin in the blood serum of the experimental group
significantly decreased in comparison with the control
group; however, the concentration of estradiol increased
and depended on the dose of injected royal jelly.

Using the method of estimating the number of
spermatozoa, which is one of the most sensitive in the
study of factors affecting spermatogenesis, the studies
have been conducted to identify the effect of royal jelly
on the organism of mice [41]. The quantitative indicators
of this method are significantly affected by synthetic
anabolic steroids. In the framework of the proposed
experimental model, the mice were divided into groups:
the first group was control mice, which were injected with
oral saline within 30 days via a stomach tube; the second
group were the animals receiving only oxymetalon at the
dose of 5 mg/kg for 30 days; the third group received
only royal jelly orally at the dose of 100 mg/kg for 30
days. The fourth group consisted of the mice, which were
administered oxymetalon and royal jelly at the dose of 5
mg/kg and 100 mg/kg, respectively, for 30 days.

Oxymethalone [42] is a synthetic derivative of
testosterone and is able to significantly reduce the intensity
of spermatogenesis in rats [43]. In this experiment it was
shown that the sperm count decreased significantly in the
group that received oxymetalone and increased slightly
in the group that received royal jelly and oxymetalone.
The differences in the viability of sperm between these
two groups have been identified.

Such an important indicator as sperm motility, was
higher in the group of mice that received oxymetalon and
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royal jelly, however, the group that received only royal
jelly practically did not differ in this parameter from the
control one.

The rate of a slow progressive advance did not
differ between the control group and the group receiving
royal jelly, however, the group receiving the oxymetalon
showed higher values in comparison with the control
group. It is noteworthy, that the group that received both
oxymetalon and royal jelly was worse than all the others
according to this indicator.

The rate of residual motion was practically the same
in all the groups, but the group receiving oxymetholone
and royal jelly significantly exceeded all other groups
including the control one in this parameter.

The sperm immobility index was almost the same
in the groups receiving only oxymetalone and in the
animals receiving oxymetalone with royal jelly. The rate
of the both groups was higher than in the control group
and in the group that received exclusively royal jelly.

Testosterone levels decreased in the oxymetalone
group compared with the control group; however, in the
royal jelly group, testosterone levels exceeded those of
the control group.

Oxymetolone has the ability to significantly
increase the proportion of animals staying in the embryo
development. In another study, an antagonistic effect
of royal jelly on that drug was shown [44]. The authors
showed that intramuscular or oral administration of
royal jelly activated estrus reactions and increased the
incidence of pregnancy.

Analyzing the results of the experiments with
oxymetalone, we can assume that royal jelly should have
a pronounced estrogen-like effect, however, additional
experiments do not support this hypothesis. In 2004, a group
of researchers studied this problem using bisphenol A as a
comparison substance [45]. This compound is actively used
in the chemical industry and even at low concentrations it
is able to show a pronounced estrogen-like activity, causing
the development of ovarian diseases and other abnormalities
[46]. Bisphenol A is capable of causing proliferation of
MCEF-7 cells (breast cancer cells) and affects these cells in a
dose-dependent manner, i.e. an increase in cell proliferation
occurs with an increase in the concentration of Bisphenol
A [47]. The authors of the study suggested that the effect
of royal jelly on MCF-7 cells would be similar to that of
Bisphenol A. However, the experimental results showed that
royaljelly slightly inhibits the proliferation of MCF-7 cells.
The authors explained the observed effect by the variability
of the composition of royal jelly, which is a natural raw
material. It is noted that the joint introduction of royal
jelly and Bisphenol A into the nutrient medium of MCF-7
cells leads to a pronounced inhibition of proliferation. The
effect of inhibition was observed even if the royal jelly had
been previously heated to destroy the thermo-dependent
components of the mixture. This led to the conclusion that
the inhibitory component is thermally stable, and the reason
for the inhibition of cell proliferation is the presence of
10-hydroxy-2-decenoic acid in royal jelly, but this idea was
refuted experimentally.
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It has been shown that 10-hydroxy-2-decenoic acid
is able to inhibitthe activity of matrix metalloproteinases:
collagenase land stromelysin 1[48]. Ithasbeen suggested
that the observed inhibition may be associated with the
structural similarity of some sections of 10-hydroxy-
2-decenoic acid with estrogen molecules. After the use
of 9-oxydecenoic acid in all the experimental groups of
animals, an increase in the concentration of spermatozoa
in 1 ml (P > 0.05) was observed [49, 50].

Interesting data were obtained in the study of the
effect of royal jelly on rats with induced diabetes. It is
known that testicular mass, sperm count and sperm
motility are significantly reduced in patients with diabetes
mellitus [51, 52]. There is also a decrease in testosterone
levels and vacuolation is observed in spermatogonia and
spermatocytes. There is an increase in the wall thickness
of the seminiferous tubules, the depletion of germ cells.
In case of diabetes mellitus, a biopsy shows the presence
oftesticular Sertoli cells in vacuoles in both humans [53]
and diabetic rats [54].

In this paper, researchers induced diabetes mellitus
in rats using streptozocin [55], which was administered
intraperitoneally at the concentration of 60 mg/kg animal
weight [56]. According to the experimental plan, male rats
were randomly divided into 3 groups: the first group was
the control one, the second group was represented by rats
with streptozocin-induced diabetes mellitus, and the third
group included rats, which, in addition to streptozocin, re-
ceived daily royal jelly in the concentration of 400 mg/kg
ofthe animal weight. It was established that with a marked
decrease in the weight of animals in the second and third
groups, inthe third group, where the animals received roy-
al jelly, the weight reduction was significantly lower.

The analysis of histological sections revealed that
degradation of the seminiferous tubules was observed
in rats with induced diabetes. In animals of the second
and third groups, there was a decrease in the number of
Johnsen [57], however, in rats receiving bee royal jelly,
the number of Johnsen was higher. Testosterone levels in
the experimental groups were lower than in the control
group. Ifinthe control group, the concentration of testos-
terone was 2.39 £ 0.4 ng/ml, in the experimental group it
was 0.036 + 0.01 ng/ml, and in the group of animals that
received royaljelly it was 0.046 + 0.01 ng/ml.

The level of apoptosis in the seminiferous tubule
was determined by counting caspase-3-positive cells.
The researches showed that the level of apoptosis was
significantly higher in the groups with induced diabe-
tes, however, when comparing the third and the second
groups, it was possible to reveal that in the group of rats
that received royal jelly, the level of apoptosis was lower
than in the group with experimental sugar diabetes.

The level of cell proliferation in the seminiferous
tubules was significantly lower in the diabetes-induced
groups compared with the control group. However, in the
group of rats treated with royal jelly, the level of prolifer-
ation was higher than in the experimental group without
this supplement.

The authors, exploring rats with ovaries removed, no-
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ticed that the change in body weight and organs of the an-
imals receiving royal jelly occurs according to a different
pattern than is observed in normal ovariectomy. So, if in
the standard version the operation caused an increase in
the total weight of the animals, uterine atrophy occurred
and osteoporosis developed, then bone loss was inhibited
when royal jelly was introduced into their diet [58]. Addi-
tional in vitro studies have shown that royal jelly promotes
the accumulation of calcium in the bone tissue.

The study of the molecular mechanisms of estro-
gen-like effects of several fatty acids - 10-hydroxy-2-de-
cenoic acid, cebacic acid and 3,10-dihydroxidecanoic acid
[59] from royal jelly [60] shows that the analyzed fatty
acids are able to interact with both the a- and p-receptor
of estrogen, affecting the system of regulation of genes in-
volved in the response process when exposed to estradiol.

Comparing the obtained experimental data and the
results of modeling the interaction of the studied sub-
stances in silico, the authors suggested that the listed fat-
ty acids of royal jelly are capable of binding to the ligand
pocket, competing with estradiol. The calculated interac-
tion energies between the ligands and the receptor have
shown that the analytes are successfully in contact with
the estrogen receptor, located in the pocket of the ligand.

Antioxidant activity ofroyaljelly

To study the antioxidant activity of royal jelly, an ex-
perimental model was used in which animals (male Wis-
tar albino rats) were subjected to gamma irradiation. To
assess the impact of royal jelly on the animal organism,
hematological, biochemical and histological studies were
performed. It has been established that royal jelly has a
positive effect on many indicators in terms of gamma
irradiation. For example, in the experimental group re-
ceiving royal jelly, there was a noticeable decrease in the
concentration of compounds of the thiobarbituric group,
which are indicators of lipid peroxidation [61]. When
comparing irradiated rats and rats that received royal jel-
ly under y-irradiation conditions, it was found out that,
against the background of royal jelly, there is a notice-
able improvement in all hematological parameters. It was
also shown that the group that received royal jelly im-
proves the structure of the heart muscle and normalizes
the function of the endothelium capillaries. The authors
concluded that the observed effect was associated with
the antioxidant activity of royal jelly [62].

Biological activity ofbee venom

Bee venom is a complex mixture of proteins and
peptides, which has a diverse effect on the body. The
main component of bee venom is melittin [63], which at
high concentrations causes lysis of cell membranes, and
at sublitic ones it forms ion channels in the lipid bilay-
er cells, demonstrating canalformer activity [64]. Other
components of bee venom are apamin (PubChem Com-
pound Database; CID = 90684471) [65], mastoparan
(PubChem Compound Database; CID = 6324633) [66]
and phospholipase A2.

These components have a pronounced pharmaco-
logical activity: melittin shows the ability of to reduce
the number of markers of liver damage in experimental
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cholangitis and biliary fibrosis [67], and intraperitone-
al administration of phospholipase A2 (EC 3.1.1.4) can
reduce thermal and mechanical allodynia in rats under
conditions of experimental administration of oxaliplatin
[68]. The authors believe that the mechanism of action of
phospholipase A2 is based on the activation of the norad-
renergic regulation system.

Under the conditions of experimental kidney fibrosis
in mice it was shown that intraperitoneal administration
ofbee venom decreased the amount of TNF-a protein and
interleukin 1, which are markers of the development of
induced kidney fibrosis after unilateral obstruction of the
ureter [69]. It was also found out that in the experimental
mice, a significant inhibition of TGF-p 1 expression and
fibronectin occurs. The authors of the study concluded
that injections of bee venom can reduce the intensity of
the development of kidney fibrosis.

Areview of the literature published by a group of au-
thors from the universities of Daegu and Sydney [70] is
devoted to modern understanding of the mechanisms of
anti-inflammatory properties of bee venom and its com-
ponents in the treatment of liver fibrosis, atherosclerosis
and skin diseases.

In the review on the possibility of using bee and
wasp poisons for treating and preventing neurodegen-
erative diseases, the group of authors reviewed the ap-
proaches of using bee venom to the possibility of treating
diseases such as Alzheimer’s disease, Parkinson’s dis-
ease, epilepsy, multiple sclerosis and amyotrophic lateral
sclerosis [71]. It was noted that the possibility of using
bee venom to treat these diseases is just beginning to be
studied, however, preliminary results allow the authors to
experience cautious optimism.

A review on the therapeutic effects and mechanisms
of exposure to bee venom in the treatment of immuno-
logical and neurological diseases has been published
[72]. The authors believe that bee venom has strong im-
munomodulatory properties, it is able to affect the glial
cells and neurons of the central nervous system, while
noting that many ofthe mechanisms ofits action are to be
established. The fact that bee venom is a “double-edged
weapon”, which exhibits both nociceptive and anti-noci-
ceptive properties and, at the same time, is a strong aller-
gen, has been noted separately.

The pronounced biological activity of bee venom
is extremely attractive and is the cause of numerous at-
tempts to use it in medicine and veterinary medicine.
For example, a strategy was proposed to increase the
immunity of pigs in conditions of experimental infec-
tion with the virus of the reproductive-respiratory syn-
drome [73].

Although the ability of bee venom to lower blood
pressure [74] by acting on the interoreceptors of the
heart and blood vessels [75] increasing the permeability
of their walls and causing a histaminergic effect [76]
was experimentally revealed, the treatment with this
product has not been well established in medical prac-
tice. The main reason for this is the unstable and unpre-
dictable effect of bee venom on the human body [75].
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For example, in conditions of insufficiency of the car-
diovascular system, the introduction of bee venom can
lead to the increase of blood pressure and the increase
in cardiac output [77].

This state of affairs makes it possible to more cau-
tiously assess the prospects for creating a target drug
based on bee venom. The situation is complicated by
the fact that the composition of this product is not con-
stant and depends on many variables [78], the collection
of bee venom is complicated, and the resource base is
limited and subjected to reduction [79]. Over the de-
cades of its research, many mechanisms and processes
of the body’s response to the effects of bee venom have
been discovered. It certainly has a positive effect on the
general understanding of many biological laws. Howev-
er, rather modest achievements in the field of creating
medical preparations based on it allow us to put forward
the assumption that in the future bee venom will act as a
laboratory stress-test similar to hyperbaric oxygenation,
which, by the way, is also used in medical practice.

In comparison with bee venom, the prospects for
developing a target drug based on royal jelly look more
optimistic. This is facilitated by the fact that, to date, the
compounds with a pronounced pharmacological action
have already been isolated from royal jelly.

The acids presented in Table 1 have a relatively sim-
ple structure, which made it possible to develop a tech-
nology for the laboratory synthesis of some of them [80-
83]. The possibility of chemical production of royal jelly
active components opens the way to the creation of a
medicinal product and eliminates the manufacturer from
having to focus on the natural sources of the original sub-
stance. From this point of view, royal jelly favorably dif-
fers from bee venom, in which the active components are
enzymes with a complex three-dimensional structure, the
synthesis of which is extremely complex.

The apparent advantage of 10-hydroxy-2-decenoic
acid and 9-oxo-2E-decenoic acid is that by now there al-
ready exist ideas about their potential target: a- and p-es-
trogen receptors. Focusing on the structure ofthese acids,
scientists can search for ligands that will be associated
with the selected targets with maximum efficiency, and
the subsequent chemical modification of these molecules
will make it possible to select the type of structures that
will fit the task best.

In our review, we ignored other bee products (wax, hon-
ey, beebread, bee pollen, propolis, bee subsurface, brood ho-
mogenate) and there are reasons for this selective approach.

The presence of biological activity in complex nat-
ural mixtures (for example, such as bee venom) is based
on a long evolutionary path, which is determined by their
functionality. This means that both royal jelly and bee
venom have gone through many stages of evolutionary
modification, the result of which was precisely observed
biological activity, intended in one case to protect, and in
another to regulate the process of larval morphogenesis
[84, 85]. In the both versions, these are complex biolog-
ical functions the execution of which is cannot be pro-
vided by a single component. In this review very little
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attention was paid to the protein composition of royal
jelly, some components of which have their pronounced
biological activity. This problem was considered in detail
in the 2018 survey [86].

Itis interesting to note that almost all honey products
are popular and trusted by the population (including the
dead insects themselves - the so-called “pchelinyj pod-
mor” (dead bees). The level of this positive perception
is so great that it extends even to related products. For
example, on sale you can see excrements of a greater
wax moth {Galleria mellonella), which, without any ex-
perimental justification, is also endowed with extensive
pharmacological properties. This state of affairs creates a
vicious circle in which drug manufacturers exploit high
public confidence in bee products for commercial pur-
poses, and people receives confirmation of the presence
of imaginary pharmacological properties, relying in their
judgments onthe advertising messages of manufacturers.
Such a situation seriously compromises the entire sphere
of apitherapy, creating a specific atmosphere of enthusi-
asm for beekeeping products even in scientific circles.

The analysis of publications on this topic shows
that the vast majority of researchers do not question the
very fact of the presence of pharmacological properties
in apipreparations. Moreover, the description of the bi-
ological activity of bee products is carried out from the
standpoint of their positive influence, and only occa-
sionally negative facts are mentioned in passing (most
often concerning the development of an allergic reac-
tion).

Such an approach casts doubt on the existence
of any particular biological activity, since it contrasts
strongly with experimental data obtained for other sub-
stances. For example, if, basing on publications, to se-
lect bee products that are proposed for use in medicine
(honey, pollen, beebread, propolis) and compare the
description of their activity with such natural biologi-
cally active substances as, for example, vitamins A and
C, you can find that for vitamins there is both a mini-
mum and maximum permissible dose, the symptoms of
avitaminosis and hypervitaminosis in both animals and
humans are determined, the age gradation of the daily
allowance is carried out and, much more that is right,
follows from the experimentally determined biological
activity of these substances.

CONCLUSION. The results of the study showed
that further nvestigation of the identified biologically
active components (decene acids) of royal jelly seems
extremely promising.

Decenoic acids demonstrate a pronounced biological
activity of a complex spectrum: antibacterial, antiprolif-
erative, hormone-like, antioxidant. These effects have
been shown in various animal models: mice, rats, rabbits
and sheep.

One can hope that when developing the method of
laboratory synthesis of these compounds, their large-
scale preclinical research will be possible, which may
become the basis for the creation of any drug with a se-
lective effect.
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CnncokK coKpalleHuiA
10,2 AK - 10-ruppokcu-2-geLeHoBas KUCIoTa,
9-O4K - 9-0kco-2E-feueHoBas KUCNOTa,
MMM - nyennHoe MaTOYHOE MOJIOYKO.
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