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PUSUKO-XUMUYECKUE UCCNEQOBAHUA NYETUHOIO AAA
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B nacmoswee epems s6semes akmyanbHbiM paspabomKa Memood Koiu4ecmeeHHo20 Onpedeienus Merummund
He MONbKO 6 00paA3yax NYenuno2o A0d, Ho u 6 npodykmax e2o nepepabomku. Llenvto nawezo uccnedosanus aeisiemcs
uzyueHue PU3UKO-XUMUUECKUX XAPAKMEPUCTIUK OCHOBHO20 KOMNOHEHMA NYeNUHO20 A0a — Menummuna. A makoice
pazpabomra MemoouKu KoIU4eCcmeenHo20 onpedeieHus. MeTUmmuHa 8 oopasyax nueiuHo2o 10a u 6 gapmayesmu-
YecKuUX NPOOYKMax, NOMYHEeHHbIX HA OCHO8e nueaurozo f0a: kpem «Couvs ¢ nuerunvim a0om» u npenapam «Anu-
sapmpony. Mamepuanst u memoosl. Odvexmamu UCCIeO08AHULL AGIANUCL NYETUHBLI 0 U METUTNMUH, d MAKice
obpazyvl masu «Anuzapmpony u kpema «Coghvsi ¢ nueaunvim 100M®», coomeemcmayrouue mpebosanusm Hopma-
MUBHOU OOKYMEHMAYUU, CEPULHO BbINYCKAEMblE OMEYeCMBEHHbIMU U 3aPY0edNCHbIMU Npou3sooumenimu. YP-cnexmp
MENUMmmuHaA U NYeIuno20 a10a pecucmpuposanu na cnexmpogomomempe C® 103 6 keapyesvix Kio8emax moauwuHou
1 ecm. UK-cnexmpubr uccnedosanu na npubope UK-Dypve — cnexkmpogomomemp @CM-1201 OO0 «Hngppacnexy.
Onpeodenenue 4ucmomol MeIUmMmuHa nPOBOOULU Memooom xpomamozpaguu. Pesynomamut u oocysycoenue. /s me-
JUMMUHA, KAK peepeHmHo2o obpazya u OCHOBHO20 KOMNOHEHMA NYeNUH020 A0d, OblIU YCMAHOGIEHbl OCHOBHbIE
pusuro-xumuuecxkue xapakmepucmuku. Yemanosnena T, = 190°C. B Y®-cnekmpe nabmiodaomcs makcumymst no-
enoujenus, coomgememeyowue 2 nukam: h max = 225+2 um u 285+2 um. B kauecmee aHanumuueckoil ONuHbl GOIHbL
Heobx00umo eblopams nuk A=285 nm, max kax nux ¢ A=225 Hm cé43am ¢ no2noweHuem ceema HympeHHum (IKpa-
HUPOBAHHBIM) DEH30IbHBIM KOALYOM MOAEKYAbl mpunmodana. Xapakmep Kpugol u nON0NCEHUE MAKCUMYMOG CNeK-
MpO6 MEAUMMUHA U paACmMeopad s0a cO8NAOAIOM, YUMo NO380IAEN UCHONb308AMb METUMMUH 68 Kauecmee Cmanoapmad
071 CNEKMPOMEMPULECKO20 KOTUUECTNBEHHO20 ONpedeiienus OeUCmEYIOuUx 6eujecmes 8 NUeIUHOM s10e U NPpenapamax
Ha ocHose nuenuno2o a0a. 3axkaouenue. Paspabomannas cnekmpo@omomempuieckas MemoouKa Koru4ecmeenozo
onpeoenenus Metummuna 8 NYEIUHOM s10€ BATUOUPOBAHA NO NOKA3AMENAM CREYUDUUHOCIb, NPABUILHOCMb, NPEOeil
06HapydIcenus, npedei KOUIecmeeHHO20 OnpedeneHus, TUHEUHOCMb.

Kntouegvie cnosa: nuenunviii 10, Menummun, Cmanoapmusayus, cnekmpogomomempuyeckoe onpeoenenue, Y-
u UK-cnekmpbl menummuna, 1ekapcmeenuvle npenapamol Ha 0CHO8e NYETUHO20 A0d
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Introduction. Nowadays, it is vitally important to develop a method for quantifying melittin not only in apitox-
in samples, but also in the products of its processing. The aim of our study is to investigate physical and chemical
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characteristics of melittin, the main component of apitoxin, as well as the development of methods for the quantita-
tive determination of melittin in the samples of apitoxin and in the pharmaceutical products derived from apitoxin:
“Sophia with apitoxin” cream and “Apizartron” ointment. Materials and methods. The objects of the research were
apitoxin and melittin, as well as the samples of “Sophia with apitoxin” cream and “Apizartron” ointment satisfying
the requirements of regulatory documentation, produced in lots by domestic and foreign manufacturers. The UV
spectra of melittin and apitoxin were registered on SF 103 spectrophotometer in quartz cuvettes with 1 cm thickness.
The IR spectra were investigated on the IR-instrument of Fourier — FSM-1201 spectrophotometer, LLC “Infraspek”.
The determination of melittin purity was carried out by chromatography. Results and discussion. The basic physical
and chemical characteristics were established for melittin as a reference sample and the main component of apitox-
in. The melting temperature was: (T, )=190°C. In the UV-spectrum there could be watched the absorption maxima
corresponding to 2 peaks: h max = 2252 nm and 285+2 nm were observed. As an analytical wavelength, it is nec-
essary to choose the peak ). =285 nm, since the peak with A =225 nm is associated with the absorption of light by the
internal (shielded) benzene ring of the tryptophan molecule. The nature of the curve and the position of the maxima
of the spectra of melittin and the apitoxin solution coincide, which makes it possible to use melittin as a standard for
spectrometric quantitative determination of the active substances in apitoxin and preparations based on apitoxin.
Conclusion. The worked out spectrophotometric methods for the quantitative determination of melittin in apitoxin
has been validated by the indices of specificity, accuracy, detection limit, quantitative determination limit, linearity.

Keywords: apitoxin, melittin, standardization, spectrophotometric determination, UV and IR spectra of melittin,

drugs based on apitoxin

BBEJEHHUE. B nocnennee necsaTuiaeTHe HAOIIO-
JIAETCSl HEKOTOPOE TOBBIIICHHE MHTEpeca K MPOAYKTaM
m4enoBojcTBa [1-7]. IMeHHO B HalM JHYU anuTepanus
MIEPeXKMBACT CBOE BTOpOe pokaeHue. Vctopus muen u
UX TPOYKTOB HE TOJBKO HE 3aKOHUYEHA, HAMPOTHUB, C Ha-
YYHOW TOYKH 3pPCHHSA, OHA TONBKO HaumHaeTcs [8—14].
Jlronu MOHSIIN, YTO HUKaKas XUMHUS HE 3aMEHUT UM HaTy-
PANBHBINA IPUPOAHBIA MaTepHall, ¥ CTaIH BO3BPAIIAThCS
K TpernaparaM, U3TOTOBICHHBIM Ha €CTECTBEHHON OCHO-
Be. B Hac cHOBa OKMBAET OMBIT MPOLIEIIINX BEKOB TTOKO-
JICHWH, MCTIONF30BABIINX TYEIIIHBIC POAYKTHI B Jiede0-
HBIX 1essix. [ToaToMy Ha COBpeMEHHOM dTarne SBISIOTCS
JIOCTaTOYHO aKTyaJbHBIMH HCCIICHOBAHHS KaK COCTaBa
MTYEITUHOTO S/1a, TAK ¥ €T0 OCHOBHBIX KOMITOHEHTOB [ 15—
29]. Kpome Toro, HeoOX0AMMO pa3paboTaTh COBPEMEH-
HBIH, JOCTYNHBIN U IPOCTON METOJ] aHAIM3a MTYEIUHOTO
sina v (hapMarieBTUYCCKIX MPOIYKTOB Ha €0 OCHOBE.

HEJBIO wnamero wccieqoBaHUS SBISETCS H3Y-
yeHHE (DUBUKO-XUMHUYECKHUX XAPAaKTCPUCTHK MEIUTTHU-
Ha — OCHOBHOI'O KOMIIOHEHTa MUYEIUHOro sifa. Takxke
pa3paboTka METOAMKU CHEKTPO(OTOMETPUUECKOIO KO-
JMYECTBCHHOTO OIPE/ICICHUS MEIUTTHHA B 00pa3iax
ITYETTMHOTO 512 U B (hapMaIleBTHIECKHUX MPOMYKTax, MO-
Jy4YEHHBIX Ha OCHOBE MUEIMHOTO S/1a.

MATEPUAJIBI U METO/bI. ITuenunsiii . Bee
00pa3ibl MYETHHOTO SA7a A UCCIEAOBAaHMS OBUIN TIpe-
noctasienbl CepaunbiM Opuem [laBnoBuueM — uHIM-
BHUIyaJbHBIM IpeanpuHuMaresieM KpacHomapckoro kpast
ropozaa Maiikona. [IpeacraBineHHble 00pa3Ibl — 9TO CBET-
JI0->KENTHIC TIOPOIIKH C PE3KAM XapaKTEPHBIM 3aIIaxoM U
TOpbKHE Ha BKYC, pACTBOPUMBIE B BOJIE, PACTBOpaXxX KHUC-
JIOT U CIIUPTOBBIX PACTBOPAX PA3IMIHON KOHIICHTPAIIHH.
Sn nmeer kucnyro peakmuro (pH 4,5-5,5).

Menurtun. PedepentHslii oOpaser; ObUT perocTas-
JIeH AHATUTHYSCKUM IICHTPOM XHUMHUYECKOTO (paKyIbTe-
Ta MockoBckoro ['ocynapcTBeHHOro YHUBEpCUTETA UME-
uu M.B. JlomoHocCOBa.

Ma3zp «AnuszaptpoH»® — Masb Ui Hapy>KHOTO
MPUMEHEHHsI Ha OCHOBE MYEJIMHOTO sna. [IpousseneHo:
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Ocmapma I'mOx, I'epmanns, cepust: 040033, mara msro-
tosneHust 07/03.

Kpem «Cows. [Tuenunsiii sin bams3am st Temay.
[pomsseneno: Poccusi, OO0 Kopones®apm. Ilo 3a-
kazy OOO HIIO «®apa dapm» coorBerctBue TP. TC
0092011, cepums: 011821333.

N3yuenne pu3nKo-xUMHYECKHX XapaKTEPHCTHK

Y®-criekTp perncTpupoBanyu Ha criekTpodoromerpe
C® 103 B kBapIIeBbIX KIOBETaX TOMIUHON 1 cM. PacTBo-
PUTENb ¥ PaCTBOP CPAaBHEHHS — BOJIA OUMILCHHAS.

UK-cnexrps! nccnenoBany Ha mpudope MK-Dypre —
cnekrpodoromerp PCM-1201 OO0 «Mudppacmex».

Onpeodenerue Menummura Memooom Xpomamozpaguu

HccnenoBanust MPOBOAMIN Ha KHUIAKOCTHOM XpoMa-
Torpaduueckoii cucreme «MHUIMXPOM» C MCIOJIB30Ba-
HHEeM xpomarorpadudeckoit komonku Pep RPC HR 5/5.
Meronnka Obuta paspaboranHa AkajeMuel arpapHbIX
HayK Ykpaunbl, MHcTUTyTOM muenoBoicTBa uM. IL.H.
IIpoxonoBuua u npuHATa MEXrocy1apCTBEHHBIM COBe-
TOM TI0 CTaHIAPTU3AINH, METPOJIOTHH U CEePTUDUKAIINN
(mpotokon Ne 11 MI'C ot 23 ampenst 1997 1) [31].

Memoouxa cnexmpogpomomempuueckoco onpeoe-
JIeHUsI MenummuHa 6 oopasyax nuenuHozo A0a. Tounyro
HaBecky (1,0 ) muenuHoro sima pactBopsui B 30 M1 au-
CTHJUIMPOBAHHOI BOABI MPH HEOOIBIIOM HATPEBAaHUH H
OT(UIBTPOBBIBAIN B TOpsideM BHIe. UIBTP C HEPACTBO-
PHBIIEICS 9aCThIO BHOBD 3aJTMBAJIH JAUCTHUINPOBAHHOM
BOJION MpHU HEOOJBIIOM HAarpeBaHWU M OT(HIBTPOBBI-
BaJM B TOpsiueM BHJC (IaHHYIO OMEPAIHIO MPOBOIMIN
JIBaKIBI). OUIBTpaTel OOBEIMHSAIN W TOCTE OXJIaX/e-
HUs noBoauiu u3Biedenue 10 metku (100,0 mm). Ecnm
MIpHU OXJIAKICHWU BBITAJAT OCAIOK, TO MEPEed B3ATHEM
AIMKBOTHI KOJIOYy HarpeBaju. 3aTeM Opasii MEepHYIO KO-
6y BmectumocTthio 100 mut, B Hee momemanu 1,0 M mo-
JIy4YEHHOTO BOJHOTO M3BIICUCHHS, JOBOIMIN O METKU U
CHeKTPO(OTOMETPUPOBAIIN TIPH JUTUHE BOJIHBI 285 HM.

B kauecTBe pacTBOpa CpaBHEHHUS HCIOIH30BAIH
Boxy. [lapamienbHO M3MEpsIM ONTHYECKYIO IJIOTHOCTh
pacTBopa pedepeHTHOro 00pasiia MeITUTTHHA.
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Ilpucomosnenue pacmeopa peghepenmnoco obpazya
METUMMUHA 0I5t ROCMPOEHUSL 2PAOYUPOBOUHO20 2paghuKa.
Oxomno 0,125 r (TouHast HaBecka) MEeIUTTUHA KOINYECTBEH-
HO TEPeHOCWJIM B MepHyIo Koidy BMmectMocThio 100
MJI, paCTBOPATIM U JOBOAWIN N0 METKH BOHOﬁ OYMUILICH-
HOW. | My momyueHHoro pactBopa copepxkut 0,00125 r
MenutTUHA (pacTBop A). [lanee rotoBwiM pa3BeieHue: B
LIECTh MEPHBIX K00 Ha 10 MII TOMEIanK B KXy KOJI-
oy mo 1 mu1, 2 mut, 4 mut, 6 mut, 8 Mt m 10 Mt pactBOopa A
U JIOBOJWJIM JI0 METKH Bojiod. Onpenessii ONTHYeCKoe
CBETOIOIVIOIICHUE IOTYYEHHBIX PACTBOPOB HA CIIEKTPO-
¢doromerpe (CD-103) mpu myirHEe BOTHBI 285 HM.

Memoouka ronuuecmeenHo20 onpeoeieHus cooep-
Jrcanus menummuna 8 masu «Anuzapmpony u kpema « Co-
w5 ¢ nuenunvim 100m». BEICBOOOKICHHE METIUTTHHA M3
Ma3eBbIX OCHOB IMPOBOIWIM MO MeTony KpyBUumHCKOro
[27]. Ha uemnodanoByto MeMOpaHy OTBELIMBAIA HABECKY
uccieayemMon Masu Maccot 7,0 T M TIOMeIanu B JAUaiu-
3aTop, HanmonHeHHsIH 100 MJI TUCTHIUIMPOBAHHOM BOJIBI.
Uepes 24 yaca B 1uanusare IpOBOAMIN KOJIUYECTBEHHOE
olpesiesIeHe MEITUTTHHA METOAOM CIEKTPO(OTOMETPHH.
ANMKBOTY 25 MII IaiM3aTa MOMEIAId B MEPHYIO KOJIOY
oobemoM 100 mu1, 3aTeM 00BEM JOBOAMIN 1O METKH BO-
nou. Yepes 5—10 MuH omnpenensiyu ONTHYECKOe CBETOMO-
miomenue Ha CO 103 npu A=285 umM. MaccoByro 1010
MEJIUTTHHA BBIYUCISUN 110 hopmyre 1:

()

A — onrTuveckas IIOTHOCTh UCIBITYEMOTO PacTBO-
pa; A" = — ynenbHBIA MOKa3aTelb CBETONOINIOMIEHHS
MEJUTTHHA, paBHbIN 127; m — HaBecka Ma3u, B3sTas 1JIs
anamusa (T); V — 00s&M MepHOU KOIOBI, Va — aluKBoTa
JUan3ara.

O0paboTKy pe3yinbTaToB HKCIEPUMEHTA IIPOBOIMIN
C TIOMOIIBIO TIporpaMMHOT0 Tlaketra Microsoft Excel.

PE3VJIBTATBI U OBCYKIEHHUE. Monekymna
MEJUTTHHA MPEICTABISACT COO0M TOMOMEPHBIN MENTH]I,
COCTOSIIIIMKA M3 26 aMHUHOKHCIIOTHBIX OCTarkoB [14, 24,
28, 29, 30]. +H,N — I'u — Wne — I'mu — Ana — Ban — Jleii
—JInz +- Ban — Jleit — Tpe — Tpe — I'mu — Jleit — [1po — Ana
— Jleit — Une — Cep — Tpn — Une — JIuz +- Apr +- JIus +-

Apr +- I'mi — I'ma — CONH,,. [IpumeuarenbHo, 4to MoJie-
KyJla MEJIUTTHHA HE COJICPXKHUT LIUCTEHHA, B OTIMYHE OT
HEHPOTOKCHHOB 3MEH, CKOPIHOHOB, SIZIOBUTHIX TIayKOB,
KOTOpBIE SIBJISIOTCSI TETEPOJCTHBIMH TENTHIAMH U, KaK
MIPaBUJIO, COZAEPIKAT HECKOJBKO TUCYIb(OUIHBIX MOCTH-
koB. MonekyispHas Macca MenIuTTHHA paBHa 2840 [la.
B Morexyiie MEIMTTHHA HET OTPHULIATENIFHO 3apsKEHHBIX
TPYII, a TOJIOKUTEIHHO 3apsHKEHHbIE aMUHOKHCIIOTHBIC
OCTaTK{ IPEUMYIECTBEHHO cocpenoToyeHbl B C-KOH-
LIEBOM CErMEHTE, KOTOPBIH SIBISIETCS THUAPOQIILHOM
YaCThIO MOJIEKYJbl METUTTHHA (OocTarku 21-26). Yua-
cToK MenuTTHHA 1-20 chOopMUpPOBAH IPEUMYIIIECTBEHHO
rupo(oOHBIME aMHUHOKHCIOTHBIMU OCTaTkamu. EjuH-
CTBEHHBIH XpoMO(op MEIUTTHHA IMPEACTaBICH OCTaT-
KoM TpunrodaHa, KOTOPHI B IOJHUIEHTHAE 3aHUMAET
NoJIokeHue 19, 4To MOYKHO yAauHO HCIOJIb30BaTh IS
W3YYEHUs] MEIUTTHHA M MPOIYKTOB €r0 COAEPIKAILIHUX C
MOMOIIIBIO ONTHYECKUX MeTon0B. [lonmunenTuanas nensb
MOJIEKYJIbI MEJIMTTUHA B PAacTBOpE MPUHHMAeT KoH]op-
MAITHEO MTPAaBWIBHOM a-criupan (1o 80%), HapyiiaeMyro
OCTaTKOM MpoiKrHa B ojoxenuu 14. IIpu BrICOKON MOH-
HOW CHJIe pacTBOPa WM BEICOKOW KOHIIEHTPALUH MEJIHT-
THH MOXKET acCOIIMMPOBAThCSl B TeTpamep, 0Opa3oBaH-
HBIH JIByMsI CUMMETPHUYHO PACIIOJIOKEHHBIMHU TapamMH
aHTHUNapasieIbHbIX mpoToMepoB [30].

Jlist cranpapTH3anuy IMYEIHHOTO $1/1a, KaK HMCXOJ-
HOTO CBIpbs JUIsl (hapMalleBTUUECKUX MNpErnaparoB, HET
COBpPEMEHHOW HOpPMAaTWBHOM JoKyMeHTauuu. Jins onpe-
JICTICHUS] Ka4eCTBa MUESIMHOTO $1/1a UCIIONB3YOT CIIeIyI0-
1€ HOPMATHBHBIC IOKYMEHTBI:

1). dapmakomeiinas cratbs (OC 42-26583-89 «n
myenuHbIi») (yTparmia cuy ¢ 25 ampens 2001 roxpa)
[31], pa3zpaboranHas coTpyaHHKamMu Kadeapsl GHU3H-
OJIOTUM W OMOXMMHH YeJIOBEeKa M XMBOTHBIX Hipkero-
POZCKOTO TOCyAapcTBEHHOTo yHuBepcurera um. H.U.
JloGa4eBCKOro COBMECTHO C COTpPYAHHMKaMu Prkckoro
MEJIUIIMHCKOTO HHCTUTYTA;

2). TOCT 30426-97 [26], pa3paboranHbiii Akaje-
MHEl arpapHbIX HayK YKpauHbl, NTHCTUTYTOM IT4enoBoI-
crBa uM. I1. U. TIpokonoBuua. ComtacHo TpeOOBaHUSIM
I'OCTa, muenuHbli S1-ChIpell T0KeH COOTBETCTBOBATh
TOKa3aTesiM, yKa3aHHbIM B Tabmuie 1.

Taonuua 1 — Opeanonenmuueckue u (uzuko-xumudecKue noKazamenu nUeIuHozo aoa-coipua [26].

HaunmenoBanue nokasarens

3HaueHne moKazareiei

Brenmauii B

HOpOIHOK B BUJC MCJIKUX KPYITMHOK 1 YCIIYCK

IBer Beblii ¢ KpeMOBAaThIM OTTEHKOM MJIU C JKEJITU3HOU
Koncucrennus [TopomkooOpa3zHas

Opra”onenTHyeckre CBOiCcTBa BrI3pIBaeT pasapaskeHue CIM3UCTON 000I0UKH, YUXaHHE
MaccoBast 107151 HEpaCTBOPHMBIX B Bofie mpumeceii, % He Ooiee 5

Maccosast 107151 BOIbI, % He Oozee 8

MaccoBast 101151 CBIpOi 3011b1, % He Oonee 2

AxTtuBHOCTB hocdonunasel A 2 B 1 Mr sij1a B epecuere Ha cyxoit Bec, ME

e meree 100

B Iepepacuere Ha cyxoit Bec, MME

AKTHBHOCTB TTIOKO3aMHUHIIIMKaHTHAponazHoro komiuiekca (TAI'T) B 1 wmr,

He MeHee 90

OrmpenesieHne BpEMEHH TeMOITH3a, C

He 6omee 300

MaccoBast 1ojis MEIUTTUHA, %0

He MeHee 50

Maccosas fojs anaMmusa, %

He MeHee 2
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Kak BUAHO W3 TaONHUIIBI, MPEOOTANAOIIMM BeIIe-
CTBOM ITUEJIMHOTO 5171, KOTOPBIH MO>KHO HCIOJIB30BaTh B
(bapmaryu, T0JHKEH ObITh MEITUTTHH.

OmnpeniesicHUEe METUTTHHA TMPOBOISIT METOIOM KO-
JIOHOYHOW Xpomarorpaduu [8], KOTOpHI OCHOBaH Ha
pa3aenacHUN KOMIIOHEHTOB TUCIMHOTO si/1a-ChIPIia MOCIIe
CBSI3BIBAHUS UX C TBepoH (a3oit xpomarorpadudeckoit
KOJIOHKHU. DTa METOIMKa TPeOyeT MpPeIBAPUTEIILHOM O]~
TOTOBKHU ¥ TEXHOJIOTHSI BBIMOIHCHHS JOCTATOYHO KPOTIO-
mimBa. [103TOMy B HACTOSIIIICE BPEMSI SIBJISIETCS aKTyallb-
HBIM pa3paboTKa COBPEMEHHOT0 OoJiee yI00HOro MeTo1a
KOJIMUCCTBCHHOTO OTPEICIICHUS MEITUTTHHA HE TOJIBKO B
o0pasiax MYeTUHOTO s7a, HO U B MPOAYKTAaX €ro mepe-
paboTku.

B kadecTBe cTaHgapTHOrO 00pasia Juis pa3padoTKH

KOJIMYECTBEHHOTO OTIpe/IeNIeHIsI OBLT BEIOpaH pedepent-
HBII 00pa3er MeMUTTHHA, TPEOCTABICHHBIN HaM JII00e3-
HO AHAJIMTUYECKUM LIEHTPOM XHUMUYECKOTo (hakymnbpreTa
MocxkoBckoro I'ocynapcTBeHHOTO YHHBEPCUTETAa UMEHU
M.B. JlomonocoBa. UncToTa MpeacTaBIeHHOTO obpasia
6puTa okasana meroroM BOXKX ¢ nnomHOo-MaTpUYIHBIM
JIETEKTUPOBAaHUEM M TAaHIAEMHON Macc-CIEKTPOCKONHMEH
B maboparopuu MI'Y. Pe3ynsraTsl nccinenoBaHus mprBe-
JICHBI Ha PUCYHKaxX 1, 2.

Kak BugHO Ha pucyHke 1, Ha XpomaTorpamme MMe-
eTcs TOIBKO OMH MUK, YTO TOBOPHUT O YHCTOTE IONY-
YeHHOTO pedepeHTHOro obpasma MenuTTHHA. Ha Xpo-
MarorpaMMax IT4eJIWHOIO siJia ¥ YUCTOTO BBIZCICHHOTO
MenMuTTHHA (pHc. 1, 2) XOpOIIo BHIHO, YTO MUK, COOTBET-
CTBYIOIINH MEIUTTHUHY, UMEET BpeMs BbIXoza 12 MUHYT.

Pucynox 1 — Xpomamozpamma uucmozo oopasya menummuna

Pucynok 2 — Xpomamozpamma odpaszua nueiunozo a0a

354



Pharmacy & Pharmacology V. 6 N 4, 2018

DOI:10.19163/2307-9266-2018-6-4-351-366

Kak BuiHO Ha prCyHKe 2, 0CHOBHBIM IPE00JIa1afoIIM
KOMITOHEHTOM ITUEJTHOTO /12 SIBIISIETCSI METUTTUH (MUK HO-
Mep 12, cCOOTBETCTBYIOIMINI BpeMeHH! BbIX0al2 MUHYT).

Jnst MenuTTHHA, Kak pedepeHTHOro odpasua, Oblu
YCTAHOBIICHBI OCHOBHBIE (DM3MKO-XUMHUYECKHE XapaKTe-
puctuky, ucciaenosansl YO- u UK-cexTpsl.

MenuTTHH TIpe/ICTaBisieT co00i Oelblil KpUCTalIu-
YeCKHIl MOPOIIOK, XOPOIIO PACTBOPUMBIN B BOJIE U CITHP-
te. T =190°C.

UK-cnmektp, v_, cm': 1506 (C=C apom), 1720
(C=0), 4000—4200 (N-H). MK-criektp MenutTiHa (puc.
3) mano uH(GOPMATHUBECH, TaK KaK B MOJICKYJIC MEITUTTHHA
peo0IaaroT B OCHOBHOM TMENTUHBIC CBsA3U. [loaToMy
Ha PHCYHKE, KPOMC BaJICHTHBIX KOJICOAHUM YIIICBOIO-
POIHOTO CKEJeTa, YETKO BHUJIHBI BHIPAKCHHBIC BAJICHT-
Hble Kojicbanusi kapOonmna — 1720 cM™' U BaJieHTHbBIE
konebanust N-H cBsi3u amuzia B o6mactu 4000-4400 cm!
(mmpoxast monoca).

Pucynox 3 — HK-cnexmp menummuna

EnuHCTBEHHBIH XpOoMOGOp METUTTHHA IIPEACTaB-
JICH OCTaTKOM TpHIITO(aHa, 6Jarogaps 4eMy MOKHO U3-
y4arb MEJIUTTUH U IPOAYKTHI €0 CoJlepiKalliue, C IoMo-
LIBI0 ONTUYECKUX METOAOB HccienoBaHus. YD-crnekTp
(H,0), A, oM (Ig €): 217 (1,82), 285 (0,81). B
Y®-cnekrpe MenurtuHa (puc. 4) HAOMIOMAIOTCS JBa

MaKkCHUMyMa MOIJIOMIEHUsS Tpu A=285 HM 1 A=225 HM.
B kadyecTBe aHAIMTHYECKOW JUIMHBI BOJIHBI HEOOXO/H-
MO BBIOpaTh MUK ¢ A=285 HM, TaKk KaK MaKCUMyM IIpH
A=225 HM CBsI3aH C IOIIOLIEHUEM CBETa BHYTPEHHHUM
(3KpaHMPOBAaHHBIM) OEH30JIBHBIM KOJIBIIOM MOJIEKYJIBI
TpunrtodaHa.

MENKTTHH

s [ [ HE A aa

2] 3]

41 4%

ITo ocu Y - mormomenue Abs, ITo ocu X - JmHHEA BOIHEI HM

Pucynok 4 — YD-cnekmpol menummuna u 00pazyoé nUeiuHozo 104 6 600e
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Bt u3ydens! YO-CrieKTpbl BOAHBIX M CIIUPTOBBIX
W3BJICUCHUN PA3JIMYHBIX KOHIIEHTpAIWi 0o0Opa3ioB mue-
nuHoro siha. Kak BUAHO M3 pucyHKa 4, Xapakrep Kpu-
BOIl M IMOJIOKEHHE MAKCUMyMOB CIEKTpa MEIUTTHHA U
CIEKTpa BOJHOTO M3BJICUEHUS MMUETHHOIO f]a COBIMaja-
0T, YTO MO3BOJISIET UCIIOIB30BaTh MEIUTTUH B KaueCTBE
CTaHJapTa /Ui CIIEKTPOMETPHUUECKOTO KOJTMUYECTBEHHOTO

OIIPE/ICIICHUSI JCUCTBYIOIUX BEIICCTB B MTUCTHHOM SIJIC U
mpernaparax Ha OCHOBE IMYCITHHOTO siJia.

Jist onipenenieHusI MEJIUTTHHA B 00pa3liaxX MueIHHO-
ro sima ObUT TOCTPOCH TPaJyHPOBOUHBIN rpad)uK CTaH-
JAPTHOTO 00pa3iia MEIUTTHHA B BOJC MPH JTMHE BOJHBI
285 um (puc. 5). Pe3ynbrarsl uccie0BaHUuN TPUBEICHBI
B Tabmue 2.

Taﬂﬂuua 2 — Onmuueckoe ceemonociouienue cmandapmnblxpacmsopoe meaummuna

PasBenenue Maccosas noins, % OnTuyecKoe CBETOIOIVIOMIECHHE, A VAEHLHEIA MOKA3aTEN, CBETO-
nontonienust, A1%1lcm
10 0,0125 1,62 129,6
8:10 00,1 1,205 120,5
6:10 0,0075 0,947 126,3
4:10 0,005 0,675 135,0
2:10 0,0025 0,355 142,0
1:10 0,00125 0,165 132,0
A 5 Fpa,u,yupoao'-mblﬁ Fpanlv‘IK MenMTTHHa
1,5 -
L4
'1 a
0,5
D T T 1
0 0,005 0.01  w% 0015

Pucynox 5 — I'padyuposounslit zpagpux merummuna

Kak BHJHO U3 IpaJlyMpOBOYHOrO rpaduka, Moauu-
HeHue 3akoHy byrepa-JlamGepra-bepa st pactBopa me-
nutTruHa 1exuT B ipenenax 0,01 1o 0,125%, uro cocTas-
JISeT aHAJIUTHYECKYI0 OONacTh METOAWKH. YpaBHEHHE
rpagyupoBouHoro rpadpuka A = (12,7+0,6)®, xo3ddu-
nueHT koppensiiuu 1 = 0,999. CpenHee 3HaueHUE YIETb-
HOTO TI0Ka3aTessi CBETOIOMIOIEHNSI MEJIUTTHHA PaBHO
130,8+0,6. Jlpyrue BaJHIAI[IOHHBIC XapaKTEPUCTHKU
METOIMKM PACCUUTHIBAIIM COTIACHO (hapMakomeitHoi
cTaThll «Banmumanus aHaTUTHYECKUX METOAUK» [32].

Pacuer npeaena obHapyxenus (I10) npoBoguu 1Mo
bopmyne: I110=3,3 x S/b, tne S pasno cmandapmmuomy
OMKIIOHEHUIO C80000H020 UNIeHA «a» 2padyupo8oUHO20
epaguxa. Umeem 110 = 3,30,033/12,7 = 0,0086%. Ipe-
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JIeNT KOJIMYECTBEHHOTO OTPEICICHNUS, PACCAUTAHHBIN 110
¢dopmyre: TIKO = 10x S/b, cocrasmser 10-0,033/12,7 =
0,026%.

s ompeneneHus MPaBUIBHOCTH METOAWKH CIIEK-
TPOPOTOMETPUUECKOTO OMPEICIICHNsT MEIUTTHHA ObLT
BBIOpaH o0Opasel], B KOTOPOM AHATUTHYECKUM IIEHTPOM
XUMHYECKOro (hakynprera MockoBckoro I'ocymapcTBeH-
Horo YuuBepcutera uMenu M.B. JlomoHocOBa MeToiom
JKUIKOCTHOM XpoMaTorpaduu ObLIO yCTAHOBJIEHO CONEP-
»kanue menuttuHa — 30+1,5%.

Jlamee MBI ONpenenuiv COIEpKAHWE MEIUTTHHA
CHEeKTPO()OTOMETPUUECKIM METOJIOM, B TOM k€ 0Opasiie
ITYETTMHOTO sA7a. Pe3ynbraTsl uccuenoBanuii MpUBEICHbI
B Tabmnme 3.
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Taénuya 3 — Pe3ynvmamot onpeodenenus co0epicanus Meaummuna ¢ 00pa3yax nueiunozo 10a

Haiineno, %

Mertposorudeckue XxapakTepuCTUKN

30,8
30,2
30,1
30,3
30,6

[TuennHEbIN 7

=4 p=0,95 t=2,78
xcp = 30,4 EotH, % = 1,2%
S =0,29 xcp £ Ax =30,4+0,4
Sx=0,13
Ax=0,4

Kak BuaHO U3 Tabauusl 3, coepykaHue MEIUTTHHA
B OJHOM M3 O0pa3lioB IMUYETHHOTO 571 COOTBETCTBEHHO
pasuo 30,4+0,4%.

CoBnajienue pe3yasTaToB CHEKTPOo(OTOMETPHYECKO-
IO OMNpEETICHUs] METUTTHHA C pe3ylIbTaTaMy OIpeserne-
HUSI METOJIOM JKHIAKOCTHOM Xpomarorpaduu B mpenesax
MIOTPEIIHOCTH SKCIIEPUMEHTA MO3BOJISIET CIeNaTh BBIBO,
YTO IpeTaracMblil METOI CBOOOICH OT CHCTEMATUIECKOM
MOTPEIIHOCTH W OTJIMYaeTCsl TPaBUIBHOCTBIO. 3Hade-
HUE t-KpUTEpUsl, ITOKa3bIBAIOIIEr0 3HAYMMOCTD PA3JINYUsI
CpeHUX, COCTaBIIET 1,5, 4TO MEeHbIIe TaOIMYHOTO, PaB-
Horo 2,306. ITonTBepikaeHneM MPaBUIBHOCTH METOIUKU
TaKKe MOXKET CITY’KHTh CTAaTUCTHYECKN HE3HAYMMOE OTJIH-
yre cBOOOIHOTO YieHa «a» B YPaBHEHUH IpaJlyHpOBOY-
HOTro rpaduka ot Hyis, mockonbky a = 0,027, a noBepu-
TEeNBHBIN MHTEpBa Juid «a» coctaisieT 0,092. 310 maer

BO3MOYKHOCTh CUMTATh «a» PaBHBIM HYIIIO U OT YpaBHEHUS
Busa y = bx+a nepeitu Kk ypaBHEeHHIO BUa y = bx.
Pa3paboranHast MeToarka Oblia MPUMEHEHa K dap-
MAaIeBTUYECKUM TPOAYKTaM, COJAEPIKALIUM ITYEeTHHBII
sn. Tak, crekTpoOTOMETPHYECKHM METOIOM OIpejie-
JWIM  COJCpIKAaHWE MEJIUTTHHA B (hapMareBTHUECKHX
MPOIYKTaxX Ha OCHOBE MUEJIMHOIO ffa: Ma3u «Amnusap-
TpoH» U kpeme «Codbs C MUETUHBIM SIOM».
BricBoOOOXKIeHUE NTEHCTBYIOIIETO BEIIECTBA — Me-
JIUTTHHA U3 BBIOPAHHBIX OOBEKTOB MPOBOIAMIN METOIOM
quanu3a no KpyBumHckomy [27]. B xauecTBe auanus-
HOW MeMOpaHbl MCIOJIB30BAIN LEIUIOPAHOBYIO TUICHKY.
Cpeoii, B KOTOPYIO JHATU3UPOBAIOCH JIEKAPCTBEHHOE
BEIIECTBO, OblJIa BOJIAa OUMIIIEHHAs. Pe3ynbrarhl ClieKTpo-
(hOTOMETPHUYECKOro ONpe/IeNIeHNs] MEUTTHHA B TIPOYK-
Tax Ha OCHOBE IMYEJIMHOTO si/a IPUBECHBI B Ta0IMLE 4.

Tabnuya 4 — Pezynomamol onpedenenus co0epicanus MeTummuna 6 mazu «Anuzapmpony»
u kpeme «Cogvs ¢ nuenunvim 100m»

Haiineno, % Metponorudeckue XapakTepuCTUKU
0,0182 =5 p=0,95 t=2,57
Masb «Anu3apTpom» 0,0193 X, =0.0185E,, %=3,1
0,0189 S =0,00066 X, * Ax =0,0185%0,0006
0,0187 S =0,00029
0,0176 Ax =0,00058
Kpem «Codbst 0,0124 =5 p=0,95 t=2,57
C IMYCJIMHBIM SI10M» 0,0121 X = 0’0127 Eom’ [ 3’5
0,0132 $=0,00051 x,, + Ax = 0,0127+0,0005
0,0127 S, =0,00023
0,0133 Ax =0,00045

B pesynbrare nmpuBEIEHHBIX HCCIENOBAHUN ycCTa-
HOBJIEHO, YTO COJCp)KaHWE MEIHTTHHA B Ma3u «AmH-
3aptpor» — 0,0185+0,0006%, a B kpeme «Codbsi» —
0,012740,0005%.

3AKIIOYEHHME. YcraHoBneHB (HU3UKO-XHMHUUE-
CKHE XapaKTEePUCTUKH MEIMTTHHA KaK OCHOBHOTO KOMIIO-
HEeHTa MIenuHoro s1a. B YO-cnexrpe 2 nmka: kmax =226+
2 HM 1 285 HM +2 HM, T =190°C. YnenbHBII TOKa3aTelb
CBETOITOIVIONICHNST MENUTTHHA paBeH 12,7. Pa3zpaborana
CTIEKTPO(OTOMETPHUYECKAsT METOJNKA KOJIMYECTBEHHOTO
OIIpeIeNICHNs] MEIUTTHHA B ITUEIIMHOM SJ€ M MPOLYKTaxX
ero mepepaboTku. MeTonuKa BaJIMIMpPOBaHa 110 TTOKa3a-

TEJSIM CHEIU(PUIHOCTD, TPABHIBHOCTE, TIPEAeT OOHaApy-
KEHMs1, TIPEEN KOJIMYECTBEHHOTO ONPEACIICHNUS, JIMHEH-
HocTh. ConepKaHHE MENUTTHHA B OTHOM M3 00pa3ioB
mmaestnHoTo Ana cocraniser 30,4+0,4%. B pesynbrare npu-
BEJICHHBIX HCCIICIOBAHNH yCTAHOBJICHO, YTO COJICPIKaHUE
MEIUTTHHA B Ma3u «Anmzaptpor» — 0,0185+0,0006%, a B
kpeme «Codps» —0,0127+0,0005%.

PEKOMEHJALMNUN. IlpennokeHHYI0 METOOUKY
KOJIMYECTBEHHOTO OIPEAEICHHs MEIUTTHHA B 00pa3max
ITYEJIMHOTO 5112 MOKHO PEKOMEH/IOBATh Ul CTaHJapTH-
3aIlMM KaK [TYeINHOTO 5171, TaK U JIEKAPCTBEHHBIX IIpeTIa-
paToB Ha OCHOBE ITYEIMHOTO A/a.

INTRODUCTION. In the last decade there has been
a growing interest in bee products [1-7]. It is apitherapy
that is experiencing its second birth. The story of bees
and their products is not only uncompleted, on the con-
trary, from a scientific point of view, it is just beginning

[8—14]. People realized that no chemistry could replace
any natural material, and began to return to drugs pro-
duced on a natural basis. The experience of the past cen-
turies and generations using bee products for medicinal
purposes, is coming to life again. Therefore, nowadays,
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it is vitally important to study both — the composition of
apitoxin and its main components [15-29]. Besides, it is
necessary to develop a modern, affordable and simple
method of the analysis of apitoxin and pharmaceutical
products based on it.

THE AIM OF THE STUDY is to investigate
physical and chemical characteristics of melittin, the
main component of apitoxin, as well as the development
of methods for the quantitative determination of melittin
in the samples of apitoxin and in the pharmaceutical
products made on the basis of apitoxin.

MATERIALS AND METHODS. Apitoxin. For
our research, all samples of apitoxin were provided by
Serbin Yury Pavlovich, a private entrepreneur of the city
of Maikop (Krasnodar Region). The presented samples
were light yellow powders with a sharp characteristic
smell and a bitter taste, soluble in water, acid solutions
and alcoholic solutions of different concentrations. Api-
toxin has an acidic reaction (pH 4.5-5.5).

Melittin. The reference sample was provided by the
Analytical center of the chemistry faculty of Moscow
State University n. a. M. V. Lomonosov.

“Apizartron” ointment is the ointment for external
use on the basis of apitoxin produced by Esparma GmbH,
Germany, series 040033, the date of manufacture was
07/03.

“Sophia. Apitoxin body Balm” cream, produced
by LLC Korolevfarm, Russia, by order of scientific
production association “Phara Pharm” in compliance
with TR. TC 0092011, series: 011821333.

Study of physical and chemical characteristics

The UV spectra of melittin and apitoxin were
registered on SF 103 spectrophotometer in quartz cuvettes
with 1 cm thickness. The solvent and the comparison
solution were purified water.

The IR spectra were investigated on the IR-
instrument of Fourier — FSM-1201 spectrophotometer,
LLC “Infraspek”.

Determination of melitin by chromatography method

The study was performed on a liquid chromatographic
system of “Milligram” using a chromatographic column
Pep RPC HR 5/5. The method was developed by the
Academy of agrarian Sciences of Ukraine, Institute
of beekeeping n. a. P. I. Prokopovich and adopted by
Interstate Council for Standardization, Metrology and
Certification (Record of proceedings No. 11, ICSMC,
dated 23 April 1997) [31].

Methods of spectrophotometric determination of
melittin in apitoxin samples

An accurately weighed quantity (1g) of apitoxin was
dissolved in 30 ml of distilled water with a little heating
and filtered hot. The filter with the undissolved part was
again filled with distilled water with a little heating and
filtered hot again (this operation was performed twice).
The filtrates were combined, and after cooling the
extraction was brought to the mark of 100 ml.

If the precipitate fell out upon cooling, the flask
was heated before taking an aliquot. Then a volumetric
flask with a capacity of 100 ml was taken, 1.0 ml of the
obtained aqueous extract was placed in it, brought to the
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mark and subjected to the spectrophotometric analysis at
the wavelength of 285 nm.

Water was used as a comparison solution. At the
same time, the optical density of the reference sample
solution of melittin was measured.

Preparation of a solution of a melittin reference
sample of for constructing a calibration graph

About 0.125 g (an accurately weighed quantity) of
melittin was quantitatively transferred to a volumetric
flask with a capacity of 100 ml, dissolved and brought to
the mark with purified water. 1 ml of the resulting solution
contains 0.00125 g of melittin (solution A). The further
dilutions were prepared so: 1 ml, 2 ml, 4 ml, 6 ml, 8 ml
and 10 ml of solution A were placed in six volumetric
flasks per 10 ml (each flask) and brought to the mark
with water. The optical light absorption of the obtained
solutions was determined on the spectrophotometer (SF-
103) at the wavelength of 285 nm was.

Methods of quantitative determination of melittin
content in “Apizartron” ointment and “Sophia with
apitoxin” cream

The release of melittin from the ointment bases was
carried out according to the method of Kruvchinsky [27].
The exact quantity of the investigated ointment weighing
7.0g was placed on a cellophane membrane and then in
a dialyzer filled with 100 ml of distilled water. After 24
hours, a quantitative determination of melittin was car-
ried out by spectrophotometry. An aliquot of 25 ml of di-
alysate was placed in a 100 ml volumetric flask, then the
volume was brought to the mark with water. After 5-10
min., the optical absorption was determined on SF 103
spectrophotometer at A = 285 nm. The weight fraction of
melittin was calculated according to Formula 1:

0% :# , wWhere )
lem a-m

A is the optical density of the test solution; A" is
the specific indicator of the optic absorption of melittin,
equal to 127; m is the weight of the ointment taken for
the analysis (d); V is the volume of the volumetric flask;
Va is an aliquot of dialysate.

The results of the experiment were processed using
the Microsoft Excel software package.

RESULTS AND DISCUSSION. The molecule of
melitin is a monomer peptide consisting of 26 amino acid
residues: "H,N — Gly —Ile — Gly — Ala — Val — Leu — Lys+
Val — Leu — Thr — Thr — Gly — Leu — Pro — Ala— Leu —Ile
—Ser — Trp — Ile — Lys+- Arg+- Lys+- Arg+- GLn — GLn
— CONH, [14, 24, 28, 29, 30].

It is noteworthy that the melittin molecule does not
contain cysteine, in contrast to the neurotoxins of snakes,
scorpions, poisonous spiders that are heterodetect peptides
and, as a rule, contain several disulfide bridges. The
molecular weight of melittin is 2840 Da. There are no
negatively charged groups in the melitin molecule, and
the positively charged amino acid residues are mainly
concentrated in the C — terminal segment, which is the
hydrophilic part of the melittin molecule (residues 21-26).
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The area of melittin 1-20 is formed mainly by hydrophobic
amino acid residues. The only chromophore of melittin is
represented by the residual tryptophan, which occupies
Position 19 in polypeptide, and that can be successfully
used to study melittin and the products containing it, by
optical methods. The polypeptide chain of the melittin
molecule in the solution assumes the conformation
of the correct a-spiral (up to 80%), disturbed by the
Proline residue at Position 14. At a high ionic strength
of the solution or its high concentration, melittin can be
associated with a tetramer formed by two symmetrically
arranged pairs of antiparallel protomers [30].

To standardize apitoxin as a raw material for
pharmaceuticals, there is no modern regulatory

documentation. To determine the quality of apitoxin, the
following regulations are used:

1). Pharmacopoeial item (FS 42-26583-89
“apitoxin”) (expired on 25April, 2001) [31], developed
by the staff of the Department of human and animal
physiology and biochemistry of Nizhny Novgorod State
University n. a. N.I. Lobachevsky together with the staff
of Riga Medical Institute;

2). All-Union State Standard 30426-97 [26],
developed by the Academy of Agrarian Sciences of
Ukraine, Institute of Beekeeping n. a. P.I. Prokopovich.
According to the requirements of the All-Union State
Standard, raw apitoxin must meet the parameters
specified in Table 1.

Table 1 — Organoleptic and physico-chemical parameters of raw apitoxin [26]

Indicator name

Meaning of indicators

Appearance Powder in the form of small grains and flakes
Colour White with a creamy shade or yellowish
Consistency Powdery

Organoleptic properties

Causes irritation of the mucous membrane, sneezing

Mass fraction of insoluble impurities in water, %

Not more than 5%

terms of dry weight, mIU

Mass fraction of water, % Not more than 8%
Mass fraction of crude ash, % Not more than 2%
Activity of phospholipase A 2 in | mg of apitoxin in terms of dry weight, [U | Not less than 100 IU
Activity of glucosaminoglycan hydrolase complex (GAGH ) in 1 mg, in | Not less than 90 mIU

Determining the time of hemolysis, sec.

Not more than 300 sec

Mass fraction of melittin, %

Not less than 50%

Mass fraction of apamine, %

Not less than 2%

As the table shows, the predominant substance of
apitoxin, which can be used in pharmacy, should be melittin.

Melittin is determined by the method of column
chromatography [8], which is based on the separation of
components of apitoxin after their binding to the solid
phase of the chromatographic column. This method
requires preliminary preparation and the execution
technique is quite painstaking. Therefore, at present it is
urgent to develop a modern, more convenient method for
quantifying melittin not only in the samples of apitoxin,
but also in the products of its processing.

As a standard for the development of a quantitative
determination, a reference sample of melittin, kindly

provided to us by the Analytical Center of the Chemical
Faculty of Moscow State University n. a. M.V.
Lomonosov, was selected. The purity of the presented
sample was proved by the method of HPLC with diode-
matrix detection and tandem mass spectroscopy in the
Moscow State University laboratory. The results of the
study are shown in Figures 1, 2.

As Figure 1 shows, in the chromatogram there is
only one peak, which indicates the purity of the obtained
reference sample of melittin. In the chromatograms of
apitoxin and pure isolated melittin (Fig. 1, 2) it is clearly
seen that the peak corresponding to melittin has the
retention time of 12 minutes.
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Figure 1 — Chromatogram of a pure melittin sample

Figure 2 — Chromatogram of a apitoxin sample

As Figure 2 shows, the main predominant component
of apitoxin is melittin (Peak 12, corresponding to the
retention timeof 12 minutes).

For melittin, as a reference sample, the basic phys-
ical and chemical characteristics have been established
and UV and IR spectra have been studied.

Melittin is a white crystalline powder, highly soluble
in water and alcohol. The melting temperature is 190°C.
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The IR spectrum is v, cm™: 1506 (C=C ar), 1720
(C=0), 4000—4200 (N-H). The IR spectrum of melittin
(Fig. 3) is less informative, as the melittin molecule is dom-
inated by peptide bonds. Therefore, as the figure shows, in
addition to the valence vibrations of the hydrocarbon skel-
eton, pronounced valence vibrations of carbonyl — 1720
cm! and valence vibrations of N-H bond of amide in the
area of 40004400 cm'(a wide band) are clearly visible.
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Figure 3 — The IR melittin spectrum

The only melittin chromophore is represented by tryp-
tophan residue, which makes it possible to study melittin
and products containing it, using optical research meth-
ods. UV-spectrum (H,0) is &, nm (lg ¢): 217 (1.82),
285 (0.81). In the UV spectrum of melittin (Fig. 4), there

are two absorption maxima: at A = 285 nm and A = 225
nm. As an analytical wavelength, it is necessary to select
a peak with cA = 285 nm, since the maximum at A = 225
nm is associated with the absorption of light by the internal
(screened) benzene ring of the tryptophan molecule.

Figure 4 — UV spectra of melittin and apitoxin samples in water

UV spectra of aqueous and alcoholic extracts of
various concentrations of apitoxin samples have been
studied. As the Fig. 4 shows, the nature of the curve and
the position of the maxima of the melittin spectrum and
the spectrum of aqueous extraction of apitoxin coincide,
making it possible to use melittin as a standard for the

spectrometric quantification of active substances in
apitoxin and the preparations based on apitoxin.

To determine melittin in apitoxin samples, a
calibration curve of a standard melittin sample in water
at the wavelength of 285 nm was constructed (Fig. 5).
The results of the studies are shown in Table 2.
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Table 2 — Optical light absorption of standard melittin solutions

Dilutions Weight percent, % Optical light absorption, A Specific optical absorbance A'*
10 0.0125 1.62 129.6
8:10 00.1 1.205 120.5
6:10 0.0075 0.947 126.3
4:10 0.005 0.675 135.0
2:10 0.0025 0.355 142.0
1:10 0.00125 0.165 132.0

Figure 5 — Calibration graph of melittin

As the calibration graph shows, the subordination of
Bouguer-Lambert-Beer law to the melittin solution lies in
the range of 0.01 to 0.125%, which is the analytical area of
the technique. The equation of the calibration graph is A =
(12.7 £ 0.6) o, the correlation coefficient is r = 0.999. The
average value of the specific light absorption coefficient of
melittin is 130.8 + 0.6. Other validation characteristics of
the procedure were calculated according to the pharmaco-
poeial entry “Validation of analytical methods” [32].

The calculation of the detection limit (DL) was
carried out according to the formula: DL = 3,3 x S / b,
where S is equal to the standard deviation of the free term
“a” of the calibration graph. We have DL = 3,3.0,033 /

12,7 = 0,0086%. The Quantification Limit (QL) was
calculated according to the formula: QL=10x S /b, i.e.
10.0,033 /12.7 = 0.026%.

To confirm the correctness of the methods of
spectrophotometric melittin determination, a reference
sample of melittin, provided to us by the Analytical Center
of the Chemical Faculty of Moscow State University n.
a. M.V. Lomonosov, was selected. By method of liquid
chromatography the content of melittin was established:
30+ 1.5%.

Further, we determined the content of melittin in the
same sample of apitoxin by spectrophotometric method.
The results of the studies are shown in Table 3.

Table 3 — Results of determining the content of melittin in apitoxin samples

Found out, %

Metrological characteristics

30.8
30.2
30.1
30.3
30.6

Apitoxin

f=4 p=0.95 t=2.78
x,=304E . %=12%
S=0.29 x_ + Ax = 30.4+0.4
S.=0.13
Ax=04

As Table 3 shows, the content of melittin in one of
the apitoxin samples corresponds to the meaning of 30.4
+0.4%.

The coincidence of the results of the spectropho-
tometric determination of melittin with the results of
determination by liquid chromatography within the ex-
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perimental error allows us to conclude that the proposed
method is free of a systematic error and correct. The val-
ue of the t-test, showing the significance of the difference
in means, is 1.5, which is less than the tabulated one,
equal to 2.306. The statistically insignificant difference
between the free term “a” from zero in the equation of the
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calibration graph can also serve as a confirmation of the
correctness of the method, since a = 0.027, and the con-
fidence interval for “a” is 0.092. This makes it possible
to consider “a” equal to zero and pass on to the equation
form “y = bx” from the equation form “y = ax +a”.

The developed methods was applied to
pharmaceutical products containing apitoxin. Thus, the
content of melittin in pharmaceutical products based
on apitoxin was determined spectrophotometrically:

“Apizarthron” ointment and “Sofia with apitoxin”
cream.

The release of the active substance melittin from the
selected objects was carried out by dialysis according to
Kruvchinsky [27]. As a dialysis membrane, a cellophane
film was used. The medium in which the drug was dialyzed
was purified water. The results of spectrophotometric
determination of melittin in products based on apitoxin
are given in Table 4.

Table 4 — Results of determining the content of melittin in “Apizarthron” ointment
and “Sofia with apitoxin” cream

Found out, % Metrological characteristics
0.0182 £=5 p=0.95 t=2.57
) ) 0.0193 x_=0.0185E ,%=3.1
"Apizarthron" ointment ® o

0.0189 S$=0.00066 x + Ax = 0.0185+0.0006
0.0187 S_=0.00029
0.0176 Ax =0.00058

Sofia with apitoxin" cream 0.0124 =5 p=0,95 =2,57
0.0121 x,=0.0127E . %=35
0.0132 $=0.00051 x , + Ax = 0.0127+0.0005
0.0127 S =0.00023
0.0133 Ax =0.00045

As a result of the conducted studies, it has been es-
tablished that the content of melittin in “Apizarthron”
ointment is 0.0101 + 0.0006% and in “Sophia” cream it
is 0.0127 £ 0.0005%.

CONCLUSION. Physical and chemical charac-
teristics of melittin as the main component of apitoxin
have been established. In the UV spectrum 2 peaks:
Amax=226+2nmand 285 nm+2nm, T _ .=190°C.
The specific rate of melittin light absorption is 12.7.
The spectrophotometric methods of quantitative de-
termination of melittin in apitoxin and products of
its processing has been developed. The technique is
validated by the specificity, accuracy, detection limit,

limit of quantitative determination, linearity. The con-
tent of melittin in one of the samples of apitoxin is
30.4 + 0.4%. As a result of these studies, the “apoph-
ysics” —0.0185 + 0.0006%, and in the cream “Sophia”
—0.0127 + 0.0005%.

As a result of the conducted studies, it has been es-
tablished that the content of melittin in “Apizarthron”
ointment is 0.0101 + 0.0006% and in “Sophia” cream it
is 0.0127 £ 0.0005%.

RECOMMENDATIONS. The proposed methods
for the quantitative determination of melittin in apitoxin
samples can be recommended the standardization of both
— apitoxin and the drugs based on apitoxin.
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