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Momusayua u yenvb: Cepbe3HBIM BBI30BOM IS  COBPEMEHHOW  CHCTEMBI
3IPaBOOXPAHEHUS SIBISICTCS pa3BUTHE OaKTEPUAILHONH YCTOHYUBOCTH K OONBIIMHCTBY
M3BECTHBIX aHTHOAKTepHANbHBIX cpencTB. [lo manHepiM BcemupHO# opraHuzanuu
3npaBooxpaHenus [ 1] 6akrepuansHble HH)EKIINY U OTTOCPETOBaHHBIE MU 3a00JIEBaHUS
BXOJAT B Tomn-10 mpuuuH cmeptd B Mupe. CMEpTHOCTh OT YCTONHYMBBHIX IITaMMOB
coctapisieT nopsaka 700 ThIC. 4ETIOBEK B TOJ M MPOAOIIKAET pacTd, yTo K 2050 rogy
MOJKET MPHUBECTH K JAECATKAaM MHJUIMOHOB CMEpTEH 1o BceMy Mupy. [nsa npeononenus
TOH HpO6HCMBI MIPOBOJAT IIOMCK HOBBIX THUIIOB aHTI/I6aKTepI/IaJ'II)HLIX arcHTOB H
pa3paboTKy  Crmoco0OB  TMOBBIMICHUS  A(PGEKTHBHOCTH YK€  CYIIECTBYIOIINX
JIEKApCTBEHHBIX CPeACTB. Tak, agpecHas IOCTaBKa C CO3/IaHUEM BBICOKOH JIOKAJIbHOMN
KOHOCHTpaluu IleﬁCTBYIOHICFO BEIIeCTBa MOXET IIOTCHIIMAJIBHO IIO3BOJIUTH
MPEOJI0NIETh YCTOHYMBOCTE U B TO YK€ BPEMsI CHU3UTh OOUIYIO JIEKAPCTBEHHYIO HATPY3KY
Ha opraHusM. IIpu mopakeHMM IbIXaTEIbHOW CHUCTEMbl TaKUM METOJOM aJIpPECHOU
JOCTaBKM  SBJSIETCS MHTAJSIIMSA, KOrJa JIEKApCTBEHHOE CpEICTBO B BHIC
MCJIIKOAUCTIEPCHBIX YaCTUILl JABUIKCTCA IO KaHaJlaM ILBIXBTCHLHOﬁ CHUCTEMBI N OcCcaas
JIOKaJIbHO B HEW OKa3bIBAaeT CBOE TepameBTHYecKoe neiicTBue. OQHAKO TakoW Crocod
TpeOyeT TEXHHUYECKHUX CPEICTB, MO3BOJAIOUIMX OCYILIECTBIISITH TI'€HEPALMIO YaCTHIl
3aJJaHHOTO Pa3MEPHOTO JWara3oHa JJIsl UX OCAKJCHHS B ONPEJICIEHHBIX MOPaKEHHBIX
Y4acTKax JbIXaTeJIbHOW CUCTEMBI M TOUHOTO KOHTPOJIS TOCTABIISIEMOM TAKUM CITIOCOOOM
JI03bI JIEKAPCTBEHHOTO CPECTBRA.

Lenpto HacTosimeidl paboOTHI SBISAIAch pa3pabdoOTKa MeTo/a T'eHEpalul a’dpo30JbHBIX
YaCTHUIl aHTUOMOTHKOB LIe(alIOCTIOPHHOBOTO Psijia B HAHO- M CYOMUKPOHHOM JTHANa3oHe
pasMepoB U uccienoBaHue GapMaKOKHHETHKH U CIIeHU(pHUECKON aKTUBHOCTH TIOCIIE UX
WHTAISLMOHHON T0CTaBKH.

Memoowvr u aneopummur: VccrnenoBanue ObUIO MPOBEJCHO HAa aHTHOAKTEPUATLHBIX
npenaparax mnedaszoiuH, neQypokcuM, e TpuakcoH u nedemnum. ['eneparus a3po30ist
OCYILECTBIISUIACH METOAOM  YJIBTPAa3BYKOBOI'O paclbUICHHS BOAHOTO PacTBOpa
JIEKapCTBEHHBIX BenlecTB. [IpuHIun paboThl 0JioKa reHepaTopa a’spo30J1sl 3aKI0YaeTCs
B CJCAYIOIIEM: B JIHO LMJIMHIPHYECKON CTEKISHHOW KIOBEThI, o0bemom 200 cM3,
BCTPOEH IbE30DJIEMEHT, a PaCTBOP MCCIEayeMoro BemecTsa (<20 cm®) 3anuBaercs B
KIOBETy depe3 OOKOBOH mTymep. 3a cueT KojeOaHWH Mbe303JIEMEHTa MPOUCXOIUT
oOpa3oBaHKe a’po30Jis B BUJE Kalelb PacTBOPa. DTOT adpo30Jib YBIEKACTCS TOTOKOM
¢unpTpoBanHOro Bo3ayxa (Q1 = 0,3 1/MHH), KOTOPBIH MogaeTCs Yepe3 OOKOBOU MITYIEP
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KioBeThl. [10TOK a3p0307s1 M3 KIOBETHI MOCTYMaeT B BEPTHKAJIBHBIA XOJIOAWIBHUK,
oxJaxxaaeMbli xonoaHol Bonoit (=10 °C). 3nech MPOUCXOIUT KOHJICHCAIIUS Ha CTCHKU
[apoB BOJbI, KOTOPBIE OBUIM 3aXBadeHbl OTOKOM BO3AyXa M HYAaCTHYHOE HCIApEHHE
pacTBOpUTENS M3 Kamnenb a’dpo3oiisi. Ha BeIXxoae M3 XOMOAMIBHUKA TIOTOK a’po30ist Q1
CMEILMBACTCS ¢ TOTOKOM cyxoro Bozayxa (Qz = 2,8 n/MuH) u copMupoBaBILHiics,
HOBBIH a3po30iibHbIA MOTOK (Q1 + Q2) mBKeTCS U3 0JIOKAa I'e€HEepalHd a’dpo30is B
OCYILIUTENIb, B KOTOPOM IPOUCXOIUT OKOHYATEIPHOE HCHApEHHE PAcCTBOPUTENS U
¢dopmupoBaHre CyxuX (TBEpIBIX) ad’pO30JbHBIX 4YacTHL. Pasmep dacTun U
KOHIIGHTPAIMIO HA BBIXOJE U3 T€HEpaTopa ONpenessuid ¢ moMolbio auddy3nonHoro
aspozoapHoTo criekrpomeTpa JJCA-M m ontudeckoro criekrpomerpa asposoiist OCA,
KOTOpPbIE BMECTE MO3BOJISIIOT U3MEPATH CUCTHYIO KOHLIEHTPALMIO YACTHL B JUAlla30HE
ot 10 10 5-10° cM 3 u pacnipenenenue 1o pasmepam B auamnasone ot 0,003—10 mxwm [2].
WHraninuoHHy!0 [JOCTaBKY TI'€HEPUPYEMOI'O a’po30isl J1a0OpaTOPHBIM — MBILIAM
NPOBOAMIM B HWHTATALHOHHOW Kamepe «nose-Only», OcCHaIeHHOW BEHaIATHIO
panualbHO PAcHOJIOKEHHBIMHU MopTamu (2 sipyca Mo 6 MOpTOB), KyAa BCTaBISIOTCS
CHelHaNbHbIE CTEKIISTHHBIE 00bEMBI, BHYTPH KOTOPBIX KHBOTHOE PACIIONAracTcsi TAKUM
00pa3oM, 4TOOBI TOJBKO HOC HAXOAMJICA B O0JIACTH ABHKCHUS IIOTOKA a3pO30JIsl.
[y cpaBHEHUSI C WHTAIAIUMOHHONH (HOpMOW MTOCTaBKH, BBINOJIHSIM HCCIEJOBaHUC
(hapMaKOKHHETHKH MOCIIe BHYTPUBEHHOTO U BHYTPHOPIOIIHOTO BBEICHHUSI.
KonnuecTBeHHOE OmNpeeTeHuEe JEKapCTBEHHOIO BEIIECTBA B CHIBOPOTKE KPOBU U
JIETKUX ocymecTBIsu MetoqoM BOXKX Ha xumkoctHOM XpoMaTtorpade « Muimxpom
A-02».
[IpoBoaunock wccnenoBaHue CHenU(PUUECKOW AKTHBHOCTH a’pO30JBHONW (OPMBI B
CPaBHEHHH C BHYTPHUOPIOLIMHHBIM U BHYTPUBEHHBIM BBEJCHHEM aHTHOAKTepHAIbHBIX
BEIIECTB Ha MOJEIH OaKTepUAIbHOTO CElcUca y MBIIIed BBI3BAHHOTO IIyTEM
BHYTPUOPIOLIMHHOTO BBEIEHUs CycleH3un Gakrepuil B koimuectse 5-10° KOE ma
)HBOTHOE. VICronbp30BaiCh 1Ba My3eiHbIX mramma Gakrepuit: Klebsiella pneumoniae
82 u Staphylococcus aureus ATCC 25 953. O6e KynbTypbl OakTepuii ObUIHA MOTYUYCHBI
u3 konekuun ®I'BYH COHIIA PAH.
Peszynomamui:  MeTooM yIbTpa3ByKOBOTO pACHBUICHHS BOIHOTO PAcTBOpa ObLI
MOJy4YeH a’p0o30Jib aHTHOMOTHKOB Le(alloCIOpHHOBOIO psina. Pa3smep a’spo3oibHBIX
YaCTHIl 3aBUCEI OT KOHLIEHTPAIIMU U MPHUPOJIbl BENIECTBA B PACHBUIIEMOM pacTBOpe U
COCTaBJISLI, B CIIydYae:
nedazomaa ot 80 mo 1100 HM, pu KoHIeHTpanuu pactBopa ot 0.25 mo 14 %;
nedyporxcuma ot 250 10 550 HM, IpH KOHIICHTpaIuK pactBopa ot 1 1o 12 %;
neprpuakcona or 300 go 900 M u uedpenuma ot 450 mo 1300 HM, npm
KOHLIeHTpauuu pactopa ot 0,5 no 14 %.
[Ipy 5TOM, KOHIEHTpAIMs a>pO30JIbHBIX YacTuil coctaBisia (2 + 0.5):10° cm> u
MPaKTHYECKH HE 3aBHCeNIa OT KOHIIEHTPALMU BEUIECTBAa B pacTBOpE. DTO 00YCIOBIEHO
TEM, YTO MNOJ JCHCTBHEM YIbTPa3BYKOBBIX KoJieOaHMH (IIpU MOCTOSHHOM YacToTe)
MPOMCXOAMIa TIeHepanus NPUMEPHO OAWHAKOBOIO KOJMYECTBA JKMIKUX Kallelb,
CoZIeprKalllX PacCTBOPEHHOE BEIIECTBO.
dapMaKOKMHETHYECKOE UCCIIeIOBaHUE TTOKA3aII0, YTO COJIepKaHue 11e(aloCIOPHHOB B
JIETKUX TI0CJI€ UX WHTASILUM Ha TOPSAAOK BBIIIE MO CPaBHEHHIO C MHBEKIIMOHHBIM
BBEJICHHEM. BHOJOCTYNMHOCTh 11e(alOCTIOPUHOB TPH KX adpO30JbHON JIOCTABKE
cocrasuiia npuMepHo 80 £ 5 %, 4TO COMOCTaBUMO C BHYTPUOPIOIIMHHBIM BBEJICHHEM.
Abdpo3osbHas (GopMa JOCTaBKM IMOKa3ajla XOPOLIMH JieueOHbIH aHTHOAKTepHaIbHbIN
a¢dext. )KuBoTHBIE, MOABEPTHYTHIE MHTAIALIUOHHOMY JICYEHHIO, OCTABAJIUCh >KUBBI
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Bech mepuoj HabmromeHns — 9 cyrok. Y BceX HHOUIMPOBAHHBIX >KUBOTHBIX
YBEJIMYUIIOCH KOJIMYECTBO HEUTPOPHIOB M YMEHBIIMIOCH KOTMYECTBO TUM(POLUTOB TI0
CPaBHEHMIO C MHTAKTHOM IPYIIION, UTO SIBISICTCS PE3yIbTaToOM BocnaneHus. OQHako y
MBILIEH, TTOTyYaBIINX WHTAIALHIO, OTKIIOHEHHE OT MHTAKTHBIX XKUBOTHBIX ObLIO B 1,5—
2 pa3a MeHbIle, YeM Yy HeJeueHbIX MbIIeld. Aspo30ibHas ¢opMa JOCTaBKH
MMPOICMOHCTPHPOBAIA  XOpOIIMA  JIeueOHBI  aHTHOaKTepuanbHBIA A (deKT,
COTIOCTaBUMBINA 10 3(PPEKTUBHOCTH ¢ MHBEKIIMOHHBEIM BBeAcHHEM. Uepe3 8 1 mocie
WHQHULIUPOBAHMSA, Y >KUBOTHBIX, MOJYYaBIIMX JICUCHHE HHTAISIMOHHO, KOJIUYECTBO
KOE B kpoBM oOKazanmack Ha JABa TOPSAKa MEHBIIE, YeM Yy J>KMBOTHBIX, TPYIIIBI
OTPHULIATEIEHOT'O KOHTPOJIS.

Buigoowi: ]Ins npoBeneHus UCCIeIOBaHUH, CBA3aHHBIX C MHTATSIMOHHOW JOCTaBKON
aHTHOMOTHKOB, pa3paboTaH W coOpaH SKCICPUMEHTAIBHBIA CTEHI, MO3BOJSIOLINN
BBINOJIHATH KOHTPOJIMPYEMYIO T'€HEPALMIO a3P030JIs U €r0 MHIAJSILMOHHYIO TOCTaBKY.
Bbbu1 momy4eH a’po30i1b aHTUOMOTUKOB 11€(haIOCTIOPUHOBOTO Psiia ¢ Pa3MEPOM HaCTHIL
ot 80 10 1100 HM u cpeHel cueTHOMN KoHueHTpanuei (2 + 0.5)-10° cm >,
dapMaKOKMHETHYECKOE HUCCIIeI0OBAHUE TTOKA3aJI0, YTO Co/IepKaHue 1edaIocnapiHOB B
JIETKUX TI0CJIE€ MX WHTASILUM Ha MOPSAOK BBIIIE IO CPAaBHEHHIO C MHBEKIIMOHHBIM
BBEJICHUEM, a MX OMOOCTYITHOCTh IIPH a3p030JIbHON AocTaBke coctaBisieT 80 £ 5 % u
COTIOCTAaBUMa C BHYTPHOPIOIIMHHBIM BBEACHUEM.

UccnenoBanne crienmudpuieckoro AeCTBUS aHTHOMOTHKOB Ie(alIOCTIOPHHOBOTO psia
OpY WX UHTAALMOHHOM BBEACHHM Ha MOJEIM OaKTepHaIbHOIO — Cercuca
MPOIEMOHCTPUPOBAJIO XOPOIIN#i TedeOHbIH 3P deKT comocTaBUMbIi 110 3 (HEKTUBHOCTH
C UHBEKIIMOHHBIM BBEICHUEM.

Qunancuposanue. ViccienoBaHue BBIIOIHEHO 3a CUET I'paHTa Poccuiickoro Hay4yHOTo
donma (Ne 19-73-10143, https://rscf.ru/project/19-73-10143/).
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Motivation and Aim: A significant challenge for modern public health system is
emergence of bacterial resistance against most of the known antibacterial agents.
According to the data of the World Health Organization [1], bacterial infections and
related diseases are among the top 10 causes of death in the world. Mortality caused by
resistant strains accounts for about 700 thousand cases per year and continues to rise,
which can lead to tens of millions deaths over the world by 2050. To overcome this
problem, search for new types of antibacterial agents and development of the methods
to enhance the efficiency of already existing pharmaceuticals are involved. For instance,
targeted delivery ensuring the high local concentration of active agents may potentially
overcome drug resistance and at the same time reduce the total drug burden on the
organism. In the case if respiratory system is affected, a proper method of targeted
delivery is inhalation: a pharmaceutical agent in the form of fine particles travels along
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the airways of respiratory system, gets locally deposited there and thus causes
therapeutic action. However, this method requires adequate technical equipment to
generate the particles within the necessary size range to provide their deposition in
specific affected sites of the respiratory system and to enable precise control of the
delivered drug dose.

The goal of the present work was to develop a method for generating the aerosol particles
of cephalosporin antibiotics in the nano- and submicron size range, and to study
pharmacokinetics and specific activity after the inhalation delivery of these particles.
Methods and Algorithms: The studies were carried out with antibacterial preparations:
cefazolin, cefuroxime, ceftriaxone, and cefepime. The aerosol was generated through
ultrasonic spraying of the aqueous solutions of pharmaceutical substances. The operation
principle of the aerosol generating unit is as follows: a piezoelectric element is built in
the bottom of a cylindrical glass cell 200 cm?® in volume, and the solution of the substance
under investigation (=20 cm?®) is poured into the cell through a side fitting. The formation
of aerosol as the droplets of solution proceeds due to the oscillations of piezoelectric
element. This aerosol is carried with the flow of filtered air (Q: = 0.3 L/min), supplied
through the side fitting of the cell. The aerosol flow from the cell inters a vertical
condenser cooled with water (=10 °C). Here, water vapor captured in the air flow is
condensed on the walls, and the solvent is partially evaporated from aerosol droplets. At
the outlet of the condenser, the aerosol flow Q1 is mixed with the dry air flow (Q: =
2.8 L/min), and thus generated new aerosol flow (Q: + Q2) passes from the aerosol-
generating unit into the dryer, where complete evaporation of the solvent takes place,
and dry (solid) aerosol particles are formed. Particle size and concentration at the outlet
of the generator were determined with the help of diffusion aerosol spectrometer DSA-
M and optical spectrometer of aerosol OSA, which together allow measurement of the
number concentration of particles within the range from 10 to 5-10° cm= and size
distribution within the range 0.003 — 10 um [2].

Inhalation delivery of the generated aerosol to laboratory mice was performed in a Nose-
Only inhalation chamber equipped with twelve radially located ports (2 storeys with
6 ports in each) to which special glass vessels are mounted. The animals are
accommodated in these vessels so that only the nose is within the area of aerosol flow
passing through.

To compare with the inhalation delivery, the pharmacokinetic studies were also carried
out after intravenous and intraperitoneal introduction.

The quantitative determination of pharmaceutical substances in blood serum and in the
lungs was carried out by means of HPLC using Milikhrom A-02 liquid chromatograph.
Specific activity of the aerosol form was studied in comparison with intraperitoneal and
intravenous introduction of the antibacterial agents using the model of bacterial sepsis
in mice, caused by the intraperitoneal introduction of bacterial suspensions in the amount
of 5-10° CFU per animal. Two archival bacterial strains were used: Klebsiella
pneumoniae 82 and Staphylococcus aureus ATCC 25 953. Both bacterial cultures were
obtained from the collection of the Siberian Federal Research Center of
Agrobiotechnologies of the Russian Academy of Sciences.

Results: The aerosol of cephalosporin antibiotics was prepared by ultrasonic spraying of
the aqueous solutions. The size of aerosol particles depended on the concentration and
nature of the substance in the solution to be sprayed and was determined to be in the case
of:

1740 BGRS/SB-2024



cefazolin, from 80 to 1100 nm, for solution concentration from 0.25 to 14 %;
cefuroxime, from 250 to 550 nm, for solution concentration from 1 to 12 %;
ceftriaxone, from 300 to 900 nm, and cefepime, from 450 to 1300 nm, for solution
concentration from 0.5 to 14 %.
In all these cases, the concentration of aerosol particles was (2 + 0.5)-10° cm= and
remained practically independent on the concentration of the substance in solution. His
is explained by the fact that the action of ultrasonic oscillations (at the constant
frequency) generated approximately the same number of liquid droplets containing the
dissolved substances.
Pharmacokinetic studies showed that the content of cephalosporins in lungs after
inhalation was an order of magnitude higher than after injection. Bioavailability of
cephalosporins after aerosol delivery was approximately equal to 80 £ 5 %, which was
comparable with the result obtained after intraperitoneal introduction.
The aerosol delivery exhibited good antibacterial effect. The animals subjected to
inhalation treatment were alive during the entire time of observation for 9 days. The
number of neutrophils increased in all infected animals, while the number of
lymphocytes decreased in comparison with the animals of intact group, which was the
result of inflammation. However, the difference between the inhalation-treated mice and
intact animals was 1.5-2 times smaller than that for non-treated infected mice. The
aerosol form demonstrated good curative antibacterial effect, comparable in efficiency
with that of injection. After the introduction of infection, 8 hours later, the number of
CFU in the blood of inhalation-treated animals was determined to be two orders of
magnitude smaller than in the animals of the negative reference group.
Conclusion: To carry out the studies related to the inhalation delivery of antibiotics, we
developed and built the experimental test bench allowing controllable aerosol generation
and its delivery by inhalation.
The aerosols of cephalosporin antibiotics with particle size 80 to 1100 nm and mean
number concentration (2 + 0.5)-105 cm™ was obtained.
Pharmacokinetic studies showed that the content of cephalosporins in lungs after their
inhalation was an order of magnitude higher than after introduction through injection,
and bioavailability of the drugs after inhalation delivery was 80 + 5%, which was quite
comparable with that after intraperitoneal introduction.
Investigation of the specific action of cephalosporin antibiotics after their inhalation
delivery in the model of bacterial sepsis demonstrated a good therapeutic effect,
comparable with that after injection.
Funding: The study is supported by the Russian Science Foundation (No. 19-73-10143,
https://rscf.ru/project/19-73-10143/).
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