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3alWMTHbIX cpeaax BakKUMHHOroO WtaMmma Bupyca 6eweHctBa L. Pasteur
nocrie ero nocrieQyroLlero XxpaHeHUst Npu pasHbIiX TeMmnepartypax
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Infectious Activity of L. Pasteur Rabies Virus Vaccine Strain
Frozen-Dried in Various Protective Media and Then
Stored at Various Temperatures

Pedhepat: B paboTte nccrnegoBanu coxpaHHOCTb MPOM3BOACTBEHHOrO BakKLMHHOMO wWTamma Bupyca beweHcTtBa L. Pasteur
nocrne nnounMsaumm B pa3nuyHbiX 3alMTHbIX Cpedax U nocrneayrLlero xpaHeHus npu temnepartypax 5, —20 n —80°C. Nocne
XpaHeHus B TeyeHue 24 mecsueB (Cpok HabnwoaeHns) Hanbornee BbICOKME NoKasaTenu MHMEKLUNOHHOW akTUBHOCTU BUpyca BO
BCex cpefax 6binun oTMeyeHbl npu Temnepatype —80°C. MakcvmManbHy coxpaHHOCTb BUpyca obecneymBana 3alumMTHas cpega
Ha ocHoBe nuTaTenbHon cpeabl DMEM c nobaeneHunem 0,5% 6blybero cbiBOpoTOYHOro anbbymuHa, 1% xenatuHa u 5% caxa-
po3bl. MIH(beKkunoHHan akTMBHOCTb 06pa3uoB, NMOMUIN3MPOBaHHbLIX B cpedax, cogepxawmx 5% caxaposbl unu 3% xenatnHa
n 5% caxapo3sbl, unn 10% caxapo3bl, 6bina 3HaYNMMO HUXe. YcTaHoBNeHo, YTo gobasneHne 3% XenaTuHa B 3alUMTHYIO cpeay
3HaAUMTENbHO YBENUYMBaET BPEMS pacTBOPEHUS MpenapaTtoB Mo CPaBHEHMIO C APYrMMU cpedaMu U HOPMOW pernameHTta (He
6oree MUHYTHI), YTO 3aTPyOHAET UX NpakTU4yeckoe ncrnonb3oBaHue. Bpemsa pactBopeHus obpasuoB ¢ 1% xenatuHa u 5% caxa-
po3bl unu 10% caxaposbl 6bin0 3Ha4YMMo Gonblue, Yem npenapatoB ¢ 5% caxapo3bl, HO COOTBETCTBOBAO NPOU3BOACTBEHHOMY
pernameHTy. [MonyyeHHble pe3ynbTaTbl CBUAETENLCTBYIOT O HE06X0AMMOCTH noabopa MHAUBMAYANbHbLIX PEXMMOB CYLUKU NpuU
nuocunnusaLMmn BUPYCoOB B 3aLUUTHBLIX cpeax C pa3finiHbIM COCTaBOM.

KntoueBble cnoBa: BUpyc GelleHcTBa, NModunmaaums, Kynstypa KneTok, 3aliMTHbIe Cpeabl, 4ONTOCPOYHOE XpaHEHWE, COXPaHHOCTb
BUpYCa, MH(EKLMOHHAsi akTUBHOCTb BUpYyca.

Pedrepat: Y poboTi gocnigxysanu 36epexeHicTb BUpOOHUYOro BakLUMHHOIO WwTamy Bipycy ckady L. Pasteur nicns niogini-
3auii B pi3HMX 3aXMCHUX cepeaoBULLiax Ta HacTynHoro 3bepiraHHs 3a Temnepatyp 5, —20 n —80°C. lMicns 36epiraHHA NPOTSiIroM
24 wmicsuiB (TEPMiIH CNOCTEpeXeHHs!) HanbinbL BUCOKI NMOKa3HMKM iHPEKUiNHOT akTUBHOCTI Bipycy B ycix cepepoBuiiax 6ynu Bia-
3HauyeHi 3a Temnepatypu —80°C. MakcumanbHy 36epexeHicTb Bipycy 3abe3neyyBano 3axncHe cepeoBULLE HA OCHOBI XXUBUIbHOMO
cepegosuwa DMEM i3 pogaBaHHsam 0,5% Guuavoro cuposaTkoBoro anbbymiHy, 1% xenatuHy Ta 5% caxaposu. IHdekuinHa
aKTUBHICTb 3paskiB, niodinisoBaHnx y cepenoBuLlax, ki MictaTe 5% caxapo3un abo 3% xenatuHy i 5% caxaposu, abo 10%
caxapo3u, 6yna 3Hauyle Hux4o. BectaHoBneHo, wo gogaBaHHs 3% kenaTuHy B 3aXMCHe cepefoBuLLe 3HayHO 36inbluye Yac
PO34YMHEHHS NpenapartiB y NOPIBHSAHHI 3 iHLWIMMUW cepefoBULLAMU | HOPMOIO pernamMeHTy (He GinbLlie XBUNUHK), WO YCKNagHKeE ix
npakTU4He BUKOpPUCTaHHSA. Yac po3vnHeHHs 3pa3kiB 3 1% xenaTuHy i 5% caxapo3u abo 10% caxapo3u 6yB 3HauvyLle GinbLue,
Hix npenapartiB 3 5% caxapo3u, ane Bianoeigae BMpobHMYOMY pernameHTy. OTpMMaHi pesynbsraTu cBigyaTb Npo HeobXxia-
HicTb nigbopy iHAMBIAYaNbHUX PeXUMIB CyLLKM npu niodinizauii BipyciB y 3axuUcHMX cepeoBuLLLax 3 pisHUM CKnaaom.

KnwouyoBi cnoBa: Bipyc ckasy, niodinisauis, KynbTypa KniTuH, 3aXvCHi cepefoBuLla, [OBrocTpokoBe 3b6epiraHHs, 3b6epe-
XeHiCTb Bipycy, iHdeKLUiiHa akTUBHICTb BipycCy.

Abstract: In this research, we studied the survival of industrial L. Pasteur rabies virus vaccine strain after freeze-drying
in various protective media and further storage at 5, —20 and —80°C. After 24-month storage (the observation period),
the highest rates of the virus infectious activity were found after storage at —80°C in all the media. The maximum virus
survival was found in the DMEM-based protective medium, supplemented with 0.5% bovine serum albumin, 1% gelatin
and 5% sucrose. The infectious activity of the specimens, frozen-dried in the media, containing either 5% sucrose or 3%
gelatin and 5% sucrose, or 10% sucrose was significantly lower. The supplement of 3% gelatin to a protective medium was
established to significantly increase the time of preparations dissolution as compared to other media and the regulation
standard (i. e., not more than 1 min), that could complicate their practical use. The time of specimens’ dissolution with
1% gelatin and 5% sucrose or 10% sucrose was significantly longer if comparing to those with 5% sucrose, but complied
with the production regulations. The abtained results indicate the need to select individual modes selection of drying
for the viruses freeze-drying in protective media with different composition.

Key words: rabies virus, freeze-drying, cell culture, protective media, long-term storage, virus survival, infectious activity
of virus.
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BemencTtBo — 300HO3Hasi BHpyCHash HEWPOWH-
(bexus, XapaKTepU3YIOIAsACs Pa3BUTHEM TSKEIIOTO
sHue(danuTa, KOTOpelli 0e3 MpUMEHEHHs crenudu-
YeCKON MMMYHOTEpaNuy 3aKaHIHBACTCS JIETATbHBIM
ncxomoM. st MpendKCIO3UITHOHHOHN MTPOMUITaAKTHKH
OCIIeHCTBA TPHUMCHSIIOT AHTHPAOMYECKHAC BaKIIH-
HBI, JJIS TIOCTAKCIO3UIIMOHHONW — aHTHPaOHUYecKHe
BaKIIMHBI ¥ HWMMYHODIOOYIHWHBI. BakHyio poib B
MpeayNpeKIeHIH JAHHOTO 3a00JI€BaHNs UTPAET TaK-
KEe UMMYHH3AIVsI IOMAITHUX U TUKUAX TUIOTOSTHBIX
JKUBOTHBIX [6, 15, 19]. B TexHonoruueckux cxemax
MTPOU3BOJICTBA AHTHPAOWYECKUX TpenaparToB (pyHK-
IIMOHUPYET CHCTeMa OAHKOB BaKIMHHBIX IITAMMOB
BHUpYyca OeleHCTBa: paboure OaHKH TpeAHAa3HAYCHEI
JUIS. XpaHEHUs! 0OJIBIIOTr0 00beMa BUPYCHOM CYCIICH-
3uM (MCXOMHOE CHIPhE), IVIaBHBIC — JIOJITOCPOYHOTO
XpaHEHHs] MaTeprana, KOTOPBHIM TOIMOIHSIOT 3armackl
nepBeIx [2, 10, 19]. Pabota Takux GaHKOB H, CIIEIO-
BaTeNbHO, TPOU3BOJCTBO AHTHPAOWYECKUX TIperna-
paToB OCHOBaHHEI Ha d(DPEKTUBHBIX METOMAX IOJTO-
CPOYHOTO XpaHEHWS BAaKIMHHBIX IITAMMOB BHpyca
Oemencrna [13, 18].

B (apmaneBTHueCcKoi 1 BETEPUHAPHON MPOMBIII-
JICHHOCTH, MPAaKTHYECKOW METUITMHE U KOJUICKIIHSIX
MUKPOOPTaHU3MOB JIJIsl XpaHEHHUSI BUPYCOB IIUPOKO
MpUMEHSOT uodwmm3anuio [2-4, 7, 12, 14, 16, 18].
Kak npaBuio, BUpYCHBIC JIMOPUIN3UPOBAHHBIC TIpPE-
maparbl xpasaT npu 4°C, ogHaKO TPU JaHHOW TeM-
reparype BO3MOXKHA TOTEPS WH()EKIIMOHHONW aKTHB-
HoctH [7, 8, 13]. JImodumnmzanus pa3HBIX BHPYCOB
MpeayCMaTprUBaeT HCIIONB30BAHMUE 3alIUTHBIX CpET,
B COCTaB KOTOPBIX BXOIST OTNENBHO WM B pa3iny-
HBIX KOMOWHAITMSX >KENaTHH, caxapos3a, ITyTaMaT
HaTpUs, CHIBOPOTKA KPOBH ITO3BOHOYHBIX HIIM €€
KOMIOHeHTHI [2-4, 7, 9, 12, 13, 16, 18]. Ilockonbky
YHU(HUIUPOBAHHBIC TEXHOJOTHH JHODWIN3ANUNA U
MOCTIEAYIOUIETO AOJTOCPOYHOTO XPAaHEHHS Pa3HbIX
POJIOB H MITaMMOB BHPYCOB HE pa3pabOTaHbl, TO IS
ATOH IICJTU PUMEHSIFOT UHWBU Ty JIbHBIC METOIBI.

B nacrosmee Bpems [TIAO «Dapmcranmapt-buo-
nmek» (XapbkoB, YKpamHa) paspabarTbiBaeT TEXHO-
JIOTUM TIPOM3BOJCTBA AaHTHPAOMYECKUX IpPETapaToB
C HCIOJB30BAHWEM BAKIIMHHOTO IITaMMa BHpyca
oemenctea L. Pasteur, koTopeie oTBeUarOT TpeOOBa-
HUsIM BcemupHON opraHuzanyu 37paBOOXPaHEHUS
[14]. AxTyansHOH IpoOIEeMOi BUPYCOJIOTHUH SIBIISIET-
csl pa3paboTka 3(PPEKTUBHBIX METONOB JOJITOCPOY-
HOTO XpaHECHHS OTACIHHBIX IITAMMOB C IPUMCHE-
HUEM 3allUTHBIX CpeJl Ha OCHOBE KYJIBTYpPaIbHOMN
MOJICP KUBAIOIIEH CPE/bl, B KOTOPOH HAaKaILUTUBAIOT
BHpYC.

Lens paboTh — HCcenOBaHIE COXPAHHOCTH BaK-
IMHHOTO INTamMMma BuUpyca OemrenctBa L. Pasteur
nocJie JIMO(GUIN3aUU B Pa3IMYHbIX 3alIUTHBIX Cpe-
Jlax Ha OCHOBE KYJIbTypaJIbHOW MO AepKUBAIOIIEH
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Rabies is a zoonotic viral neuroinfection, cha-
racterized by severe encephalitis development,
which may be fatal if no specific immunotherapy
is administered. The rabies vaccines are used for
pre-exposure rabies prevention, and in case of post-
exposure prophylaxis the vaccines are applied to-
gether with immunoglobulins. The immunization
of domestic and wild carnivores plays an impor-
tant role in preventing this disease as well [14, 16,
19]. In rabies products manufacturing protocols
there is the system of banks for rabies virus
vaccine strains, i. e. the working banks are desig-
ned to store a large amount of viral suspension
(starting material), and the main ones are inten-
ded for the material long-term storage to replenish
the working banks [4, 6, 19]. In order to ensure the
functioning of these banks and, consequently, of
entire rabies biologics production, the efficient me-
thods for a long-term storage of rabies virus vaccine
strains are needed [10, 18].

The freeze-drying is widely used in pharmaceu-
tical and veterinary industries, practical medicine
and microorganism’ collections for virus storage
[1, 4, 8, 9, 11-13, 18]. The frozen-dried viral pre-
parations are usually stored at 4°C, but a loss of
infectious activity during storage at this tempera-
ture is possible [1, 3, 10]. The protective media, com-
prising gelatin, sucrose, sodium glutamate, blood
serum of vertebrates or its components either sepa-
rately or in various combinations are applied for
freeze-drying of different viruses [1, 4, 5, 8-10, 12,
13, 18]. Since no unified technologies for freeze-
drying and further long-term storage of different
genera and strains of viruses have been developed
yet, the custom methods are used for this purpose.

To date, the PJSC Pharmstandard-Biolik (Khar-
kiv, Ukraine) has been developing the technologies
for rabies biologics production, using the L. Pasteur
rabies virus vaccine strain, which meet the require-
ments of the World Health Organization [11]. An
inportant task in virology is to design the efficient
methods for long-term storage of individual strains
using the protective media, based on the culture
supporting medium, where the virus is accumulated.

The aim of this research was to study the survival
the L. Pasteur rabies virus vaccine strain after freeze-
drying in various protective media, based on the
culture supporting medium and during further sto-
rage at different temperatures.

Materials and methods

The research object was the L. Pasteur rabies
virus vaccine strain, provided by the Pasteur Institute
(Novi Sad, Serbia). The strain was deposited (cer-
tificate Ne 678) at the Depositary of the State Scien-
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Cpelbl M B MpOLEcce MOCIETYIOMEro XpaHeHus pu
Pa3HBIX TEMIIEPATYPHBIX PEKUMAX.

MarepuaJjbl 1 METOIbI

OO0OBEKTOM  HCCIIENOBAaHUA OBUI  BaKI[MHHBIMN
mTamMM BHpyca Oemrencra L. Pasteur, mpemocTas-
nenubii MactutytoMm Ilactepa (HoBu-Can, Cepbus).
[Itamm 3agenonupoBan (cBUACTENHCTBO Ne 678) B
Heno3zutapuu I'ocy1apcTBEHHOr0 Hay4YHO-KOHTPOJIb-
HOTO MHCTHUTYTa OMOTEXHOJIOTUH U IITAMMOB MUKPO-
oprann3moB (Kues, Ykpanna).

st HakomJieHns1 BUpyca MCIIONIB30BaIN MEPEBU-
BaeMyio kierounyio smauto BHK-21/C13, momyuen-
Hylo u3 Kosutekiuu KyabsTyp KIETOK MO3BOHOYHBIX
Wucruryra mmronoruu PAH (Cankr-IlerepOypr;, Poc-
cus). JlanHas KynpTypa pekomeHmoBaHa BO3, Mex-
IYHapOAHBIM OJMHU300THYECKUM OI0pO W IpYyTUMHU
MEXIYHAPOIHBIMU OPTaHU3AIMSIMH IS TTOTyIEeHUS
anTupabudeckux mpemaparos [6, 10, 11, 14, 15, 19].

KymbTypy Ki€TOK CyTKM HakaliuBaid B TPH-
CTEHOYHOM MOHOCJIO€ B CTEPHJIBHBIX IUIACTHKOBBIX
KyJbTypaibHbIX (raakonax («SPLy», I'epmanus) B
POCTOBOM cpelie Ha OCHOBE IHUTAaTENLHOW Cpeabl
DMEM («Biowest», ®@pannms) ¢ 10% QeranbHoi
Obubeil ceiBopoTkH («Sigma-Aldrich», CIHA) B
ycnoBusx CO,-unkybaropa («Binder», I'epmanns)
npu 37°C u 5% CO,. Kynsrypy KIE€TOK 3apakain
BHpPYCOM ¢ HWHGEKIMOHHON aKTHBHOCTBIO (5,49 =+
+0,20) /g CCID,, (50% cell culture infectious dose —
50%-s1 wHbUIUpyOmas m03a IS KyTbTYpBl Kile-
ToK). KOHTaKT ¢ BHPYCHON CyCHeH3WeH IHIICS dJac
B ycnosusix CO,-unky6aropa mipu 33°C u 5% CO,.
[Mocne sToro B KyNbTypaibHbie (MIAKOHBI BHOCHIIH
MOAJIEPKHUBAIOLIYIO Cpely HAa OCHOBE IHTATEIbHOU
cpenst DMEM c¢ 0,5% ObIubero ChIBOPOTOYHOTO
ansOymuHa (BCA) 1 KynbTHBHpPOBAIM BUpPYC B aHa-
JoruyHeIX ycnoBusx [1, 10, 11, 14, 15]. Bupychyto
CYCIEH3MI0 coOupann Ha 4-e CyTKH IIOCie 3apa-
KEHUS, OUUILAIN OT KJIETOYHOrO JAETPUTA LEHTPH-
(dyrupoBarreM B pedprKepaTOpHOH IEHTPHPYTE
(«MPWpy, Ilonwsma) npu 4°C (2000g, 15 mun). Ilo-
cie oTOOpa cymepHaTaHTa B HETO BHOCHIIN Caxapo3y
(«AppliChemy, I'epmanus) u xemarua («[eHe3ncy,
YKpanHa) B CICIYIOMIMX KOHIIEHTpAusaX (1Mo o0be-
My): cpena 1 — 5% caxapossr; cpena 2 — 3% xenarnHa
u 5% caxapo3ssl; cpena 3 — 1% sxenaruna u 5% caxa-
po3bl; cpena 4 — 10% caxapossl. Bee cpenpl, kpome
yKa3aHHBIX BEIIECTB, cofepxkanu Taxxke u 0,5% BCA.

CycnieHs3uro BUpyca B OIIMCAHHBIX 3aLIUTHBIX Cpe-
Jlax pazIuBajIM 1Mo 1 MIJI ¢ TOMOLIBIO MEXaHUUECKOTO
no3aropa («Biohit Proline Plusy, ®unnsuaus) B cte-
pUIIBHBIE CTEKJISTHHBIE (PIaKOHBI U CyOIMMHUPOBAIH
B auoduiasHON ycraHoBke («VirTisy, CIIA). 3arem
ee JTMOPIITU3UPOBATIA B YCIOBUSIX MPOMBIIUICHHOTO
TIpou3BoOACTBA 10 pazpadoranHomy [TAO «DapmcraH-
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tific Control Institute of Biotechnology and Strains
of Microorganisms (Kyiv, Ukraine).

The BHK-21/C13 passaged cell line, obtained
from the Vertebrate Cell Culture Collection of the
Institute of Cytology of the Russian Academy of
Sciences (St-Petersburg, Russia) was used for virus
accumulation. This culture was recommended by
the WHO, the International Epizootic Bureau and
other international organizations for obtaining the
rabies products [6, 7, 11, 14, 16, 19].

The cell culture was accumulated for 1 day in the
near-wall monolayer in sterile plastic culture flasks
(SPL, Germany) in the DMEM-based growth me-
dium (Biowest, France) with 10% fetal bovine se-
rum (Sigma-Aldrich, USA) under CO, incubator
conditions (Binder, Germany) at 37°C and 5% CO.,.
The cell culture was infected with the virus of an in-
fectious activity of (5.49 + 0.20) Ig CCID,, (50% cell
culture infectious dose). The contact with a viral sus-
pension lasted an hour in CO,-incubator at 33°C and
5% CO,. Then, the supporting DMEM-based medium
with 0.5% bovine serum albumin (BSA) was intro-
duced into the culture flasks and the virus was cul-
tured under similar conditions [2, 6, 7, 11, 14]. Viral
suspension was collected to day 4 after infection,
then purified from cellular debris by centrifugation
in refrigerated centrifuge (MPW, Poland) at 4°C
(2000g, 15 min). After supernatant removing, the se-
diment was supplemented with the sucrose (Appli
Chem, Germany) and gelatin (Genesis, Ukraine) in the
following concentrations (by volume): medium 1 —
5% sucrose; medium 2 — 3% gelatin and 5% sucrose;
medium 3 — 1% gelatin and 5% sucrose; medium 4 —
10% sucrose. All the media contained additionally
0.5% BSA.

The viral suspension in the specified protective
media was poured into the sterile glass vials by 1 ml
using mechanical dispenser (Biohit Proline Plus,
Finland) and sublimated in freeze-dryer (VirTis,
USA). The virus was frozen-dried under conditions
of industrial production according to the technolo-
gical regulations, developed by the PJSC Pharms-
tandard-Biolik to dry the viral vaccines. The prepa-
rations were frozen down to —49°C, the freeze-drying
was started at —32°C. The drying time was 16 hrs,
the final drying lasted 5 hrs, and the total freeze-
drying cycle took 67 hrs. The residual moisture of
the specimen was 2—3%.

After freeze-drying, the vials with the specimens
were sealed with rubber stoppers and aluminum
caps, then placed for storage at 5°C into refrigerator
(National Lab, Germany), and at —20 and —-80°C
into freezers (National Lab, Germany). The effect of
freeze-drying and storage on the virus survival was
estimated by comparing with its initial infectious
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napT-buonek» TEXHONIOTMYECKOMY pPErIaMeHTY st
CYIIKH BHPYCHBIX BakIMH. lIpemaparsl 3amopaku-
By 10 —49°C, mrodunmzarmro HadnHamy mpu —32°C.
Bpewmst cymiku coctaBmito 16 4acoB, TOCyIMBaHusI — 5 1
obmero nukia muodunusanuu — 67 4. OcraTroaHas
BII2YKHOCTH 00pa3moB cOOTBETCTBOBaA 2—3%.

IMocne nuodumamzaruu (IakoHBl ¢ 0OOpa3laMu
TepMETH3MPOBAIA PE3MHOBBIMH MPOOKAMH U allio-
MUHHUEBBIMU KOJITTAYKaMH, TIOMEIIANN ISl XpaHEeHUs
npu 5°C B xonogminbHylo Kamepy («National Laby,
I'epmanust), npu —20 n —80°C — B MOpO3UIIBHBIE Ka-
Mepbl («National Lab», I'epmanus). HccnemoBanm
BIHUSHHUE JIMOPUIN3ANUN W XPAHCHUS Ha COXpaH-
HOCTB BHpYCa IO CPABHEHHIO C €r0 UCXOIHON HH(EK-
IIMOHHOM aKTUBHOCTHIO /10 Juopmmm3anuu. CoxpaH-
HOCTh JTHO(GMIM3UPOBAHHBIX 00pa3loB OICHUBAIN
repen XpaHeHueM u 4epe3 6, 12, 18 u 24 mecsma
(cpok HaOIIOACHWS) TIO CIACAYIONIAM PETIaMEHTHBIM
TEXHOJIOTUYECKUM TTOKa3aTeNsiM: BHEIIHUI BHJ 00-
pasma (cTpykrypa, hopma Kpast ¥ BHJ ITOBEPXHOCTH
TaONEeTKH), BpeMsI pacTBOPCHIMS, HHPEKIIMOHHAS aK-
TUBHOCTH BHpYCA.

WNHbeknnoHHy0 aKTUBHOCTH BUpyCa OIpese-
JSUTA i1 Vitro TIyTeM TUTPAIlMH B KYIBTYPE KIETOK
BHK-21/C13. [Inst aToro mpemapaTbl BOCCTaHaB-
nuBanu muTarenbHol cpemoit DMEM cpasy mocine
muodumuzanum, a Takxke depes 6, 12, 18 u 24 me-
CSIIIEB XpaHEHWs MPU HU3KUX TeMIeparypax (Cpox
HaOmoneHus1). TuTparuio BRITONHSIIA B 96-TyHOU-
HBIX KyJIbTypanbHBIX TutanmeTrax («TPPy», IlIseii-
Iapusi) B ISITH MOBTOpaxX ¢ KO3 UIINEHTOM pa3Be-
nernst 5. Knetku KynsTUBHpOBaiiu 48 4 B yCIOBHSIX
CO,-unxy6aropa npu 37°C u 5% CO, u ¢uxcupo-
Banu oxnaxiaeHHbiM mpu —20°C aneroHom. [is
onpenencHuss WH(EKIIMOHHOW aKTHBHOCTH IpPHMeE-
HSUIM METOJ, HempsMoW (IyopecleHLUH: KIeTou-
HBIii MOHOCJION OKpalmuBaId CHEIH(PUISCKUMU
MOHOKJIOHAJTbHBIMU aHTUTEJIAMH K BHUPYCY OCIICH-
CTBa, MEYCHHBIMU HW30THOIIMHATOM (UIyopeciienHa
(«Fujirebio US Inc.», CIIIA). Ucmonb3ys abopatop-
HBIL MuKkpockorr («Leica DM2000», I'epmanus)
¢ MomyneM (iayopecueHnmE U yBenudeHuem 100,
BBISIBISUTY HAJTMYXE WITA OTCYTCTBHUE B KaX IO JTyHKe
IJIAHIIIETa SIPKOTO CBEYCHMSI 3eJICHOTO iBeTa (puc. 1).
[Ipu 5TOM HanMUYMe CBeUSHHsI YKa3hIBAIO Ha 3apaxe-
HUE KJIETOK BUPYCOM OeIIeHCTBa.

3HaueHne MH(PEKINOHHONW aKTMBHOCTU O0pa3loB
paccuutbiBain MeToiom Crimpmena-KepOepa u BbI-
paxkanu B gecsTudHoM jorapupme 50%-it nHpHLIN-
pyromiei 10361 st KyasTypbl kinetok (Ig CCID,):

lg CCID, = (x,— d/2 + d2r/n),

e x, — [g 0OpaTHOro HauOOJBIIETO PA3BEACHHUS, B
KOTOPOM BO BCEX JYHKaX OTMEUAeTCs MOJOXKUTEIb-
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activity prior to freeze-drying. The survival of
frozen-dried specimens was assessed before storage
and 6, 12, 18 and 24 months later (observation
period) according to the following technological
parameters: the specimen appearance (structure, edge
shape and tablet surface appearance), dissolution
time, virus infectious activity.

The virus infectious activity was determined in
vitro by titration in the BHK-21/C13 cell culture.
For this purpose the preparations were recovered
with DMEM culture medium right after freeze-
drying, as well as after 6, 12, 18, and 24 months of
storage at low temperatures (observation period). The
titrations was performed in 96-well culture pla-
tes (TPP, Switzerland) in five repeats with dilution
factor 5. The cells were cultured for 48 hrs in CO,
incubator at 37°C and 5% CO, and fixed with cold
acetone (—20°C). To determine an infectious acti-
vity, the method of indirect fluorescence was used,
i. e. the cell monolayer was stained with spe-
cific monoclonal antibodies to rabies virus, labeled
with fluorescein isothiocyanate (Fujirebio US Inc.,
USA). Using a laboratory microscope (Leica DM
2000, Germany) with fluorescence module and
x100 magnification, we revealed the presence or
absence of a bright green luminescence in each
well (Fig. 1). Herewith, the luminescence presence
indicated the cell infection with rabies virus.

The value of infectious activity of the specimens
was calculated by the Spearman-Karber method and
expressed in decimal logarithm of 50% cell culture
infectious dose (/g CCID,):

lg CCID,, = (x,— d/2 +d2r/n),

where x is /g of reciprocal highest dilution, where
a luminescence is observed in all the wells; d is Ig of
dilution factor; r, is number of wells with observed
luminescence in each dilution of viral suspension
titration; n, is total number of wells per each dilution
of viral suspension titration [2, 11, 14].

The data were statistically processed with the
Excel (Microsoft, USA) and Statistica 10 (StatSoft,
USA) software standard packages and the analysis
of variance (one-way, factorial using main effects
ANOVA), i. e. the significance of differences between
the mean values was determined and the significan-
ce of influence of each factor on the variability of
characteristic was evaluated. Differences were con-
sidered as statistically significant at p < 0.05 [15].

Results and discussion

After completing the freeze-drying cycle, the
virus specimens were visually assessed (Fig. 2).
The findings testified to the fact, that the structure,
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HOE CcBeueHue; d — g (hakTopa pasBeleHus; 7, — KO-
JIMYECTBO JIYHOK C TOJOKUTEIbHBIM CBCYCHHEM B
Ka)XJIOM pa3BeCHHMH THUTPALUU BUPYCHOHM CYyCIIEH-
3UM; 1, — O0ILEe KOJIMYECTBO JIYHOK JUIsl KayKI0ro pas-
BEIICHUS TUTPAINK BUPYCHOU cycnien3uu [1, 14, 15].

edge shape and the surface appearance of the freeze-
drying depended on the amount of gelatin and suc-
rose in protective media.

After freeze-drying in the media 1, 2 and 4, the
specimens had a porous structure, uneven edges and

Puc. 1. MoHocnon kynetypbl knetok BHK-21/C13, 3apaxeHHon Bupycom GelleHcTBa wTamma L. Pasteur B pasHbix pas-
BegeHusx: A — 1:5; B — 1:25; C — 1:125; D — 1:625; E — 1:3125; F — 1:15625. OkpawwmBaHue cneundmnyeckumm MOHOKIO-
HanbHbIMW aHTUTENaMu K BUpycy GeLleHCTBa, MEYEHHBIMU M30TUOLMHATOM chriyopecLenHa.

Fig. 1. Monolayer of BHK-21/C13 cell culture, infected with L. Pasteur rabies virus strain in various dilutions: A —1:5; B —
1:25; C —1:125; D — 1:625; E — 1:3125; F — 1:15625. Staining with specific monoclonal antibodies to rabies virus, labeled
with fluorescein isothiocinate.

CraTucTU4ecKHii aHaJIN3 JaHHBIX OCYIIECTBISIIHN
C TIOMOUIBbIO CTaHAAPTHBIX MAKETOB KOMIIBIOTEPHBIX
nporpamm «Excel» («Microsoft», CIIIA) u «Statistica
10» («StatSofty, CIIIA) u MeToma TUCTIEPCHOHHOTO
ananm3a (one-way, factorial m main effects ANOVA):
OTIPEICTISUIA 3HAYMMOCTD PA3IMIUN MEXKITY CpPEIHH-
MU 3HAYCHUSIMHA U OIICHUBAIIM 3HAYMMOCTh BIIUSHHUS
KaxJ1oro u3 (HakTopoB Ha M3MEHYMBOCTH MpPU3HAKA.
Paznuuust cunTany cTaTHCTHYECKH 3HAYMMBIMU MIPH
p <0,05[5].

Pe3yabTartsl n 00cyxkneHue

[Mocne okoHwaHus HuKIa JuoduiIM3auuu oopas-
LBl BHpPYCa BH3yaJbHO OLICHUBAIN IO BHEUIHEMY
BUAy npenaparos (puc. 2). Pesynbrarsl HaOmoneHmi
CBHUJIETEIILCTBYIOT O TOM, YTO CTPYKTYpa, popma Kpas
U BHJ IIOBEPXHOCTH JMo(uiu3zara 3aBUCIT OT KO-
JIMYECTBA JKeJIaTUHA U Caxapo3bl B 3allIUTHBIX cpelax.

ITocne muodunmzanmm B cpemax 1, 2 u 4 obpas-
(bl UMEJIU IOPUCTYIO CTPYKTYpY, HEpPOBHBIE Kpasi U
MaTOBYIO MOBEPXHOCTh. [loOaBneHue B xoie CyOnIu-
Maluy cpeasl 3 00ecneyrBaio OMHOPOIHOCTh CTPYK-
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a matte surface. The medium 3 using during subli-
mation resulted in a homogeneous structure, smooth
edges and a shiny surface of samples. The storage
specimens within 6, 12, 18 and 24 months at all
the temperature regimens had no effect on frozen-
dried sample appearance.

Statistical analysis revealed a strong effect of
protective media and storage temperature on dis-
solution time of virus preparations, herewith the
contribution of protective medium composition was
greater. The storage time of specimens at all the
temperatures had no significant effect on dissolu-
tion time of frozen-dried virus. The Fig. 3 shows
the data after a 24-month storage of specimens at
different temperatures. The dissolution time of pre-
parations after storage at 5°C was significantly lo-
wer than at —80°C in the media 1, 2 and 3, and
at —20°C in the media 1 and 2. The introduction
of 3% gelatin (medium 2) into a protective me-
dium was established to significantly increase the
dissolution time of preparation, thereby compli-
cating its practical use. The dissolution time for the
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Puc. 2. BHewwHuii Bug 06pasuos Bupyca GelleHcTBa LWTam-
ma L. Pasteur nocne nuodunmsaumm B 3alMTHbLIX Cpeaax:
A —cpepa 1; B —cpena 2; C — cpepa 3; D — cpepa 4.

Fig. 2. The appearance of L. Pasteur rabies virus strain
specimens after freeze-drying in protective media: A —
medium 1; B — medium 2; C — medium 3; D — medium 4.

TypHbI, POBHBIC Kpasi U ONECTAIIYI0 TOBEPXHOCTH Ipe-
naparoB. XpaHeHHe 00pasloB B TeueHue 6, 12, 18 u
24 MecsIeB IpHU BCEX TEMITEPAaTYPHBIX PEXKHMax He
BJIMSJIO Ha BHEITHUHA BUJT JTHOQHITH3ATA.

[Ipu craTHCTHUECKOM aHANN3e YCTAaHOBJICHO, YTO
Ha BpEeMsI PACTBOPEHUS IMpEnapaToB BHpyca 3HAYH-
MO BIVSUTH 3alllUTHBIC CPEAbl M TeMmIleparypa Xpa-
HEHUS, TIPU 3TOM OOJIBIIUI BKIIAJ BHOCHII COCTaB
3amuUTHON cpebl. CpoK XpaHEHUs MperaparoB Mpu
BCEX TEMIlepaTypax 3HAauuMO HE BIHSJ Ha BpeMs
pacTBOpeHHs CyOnMMHUPOBaHHOTO BUpyca. Ha puc. 3
MPEICTABIICHBI TaHHBIC 24-MECIYHOTO XPaHEeHUS 00-
pasloB MpH pa3HBIX TemIieparypax. Bpems pact-
BOpPCHHS TIpemapaToB Tocie XpaHeHus mpu 5°C
OBUTO CTAaTHCTHYECKH 3HAYMMO MEHbINE, YeM IpH
—80°C B cpemax 1, 2 u 3, mpu —20°C — B cpemax 1 u 2.
YcraHoBieHo, uTo jobaBienue 3% xenatuHa (cpe-
Ia 2) B 3aIIUTHYIO CPEy 3HAYUTEIHHO YBEIIMIUBACT
BpeMsI paCTBOPEHHUSI IIpernapara, 4To 3aTpyJaHseT ero
MPaKTHYECKOE HCIIONb30BaHue. Bpems pacTtBope-
HUS 00pa3IoB, TMOPHIN3UPOBAHHBIX B cpenax 3 u 4,
ObUTO 3HAYMMO OOMbINE, YeM B cpene 1, Ho cooTBeT-
CTBOBAaJI0O MPOU3BOJICTBEHHOMY periaMeHty (He 0o-
siee MUHYTHI). CTaTUCTUYECKH 3HAUYMMBIC Pa3IudUs
BO BPEMEHHU pacTBOpeHHs 00pa3LoB co cpegamu 3
1 4 ObUIM yCTAaHOBJICHBI TOJBKO TIPU TEMIIEpaType
xpanenmst —80°C.

[Mocne onenku BiAMSHUS JMO(UIH3AIUK HA TIO-
KazaTtenb MH(OEKIMOHHONW aKTHMBHOCTH BUpPYyCa HAMH
MOJYYEHBI CIEAYIONINe pe3ynbTarel. McxomHas WH-
(heKITMOHHAS aKTUBHOCTH J0 JTUOMIIN3AINH COCTAB-
nsna (5,38 +0,15) Ig CCID, (puc. 4). TTocne cy0mu-
MaIii BO BCEX 00pasliaXx BBISBICHO €€ 3HAYUMOC
CHIDKEHUE I10 CPAaBHCHHIO CO 3HAYCHUEM JI0 JTHODU-
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specimens, frozen-dryed in the media 3 and 4, was
significantly longer than in the medium 1, but still
complied with the manufacturing instructions (i. e.
no more than 1 min). Statistically significant diffe-
rences in the specimens dissolution time with the
media 3 and 4 were established only at —80°C sto-
rage temperature.

After evaluating the freeze-drying effect on the
rate of the virus infection activity, the following
data were obtained. The initial infectious activity
prior to freeze-drying was (5.38 + 0.15) Ig CCID,,
(Fig. 4). After drying, its significant decrease was
revealed in all the specimens in comparison with
the value before freeze-drying. The highest index of
the virus infectious activity was established in the
specimens, frozen-dried in the medium 3 (91%). In
those, dried in the media 1, 2, and 4, it was 86, 81,
and 84%, respectively, of the values prior to freeze-
drying. No statistically significant differences in
the indices of infectious activity of frozen-dried
virus from the specimens 1 and 4, 2 and 4 were found.
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Puc. 3. Bpemsi pactBopeHusi obpasLioB BMpyca GelleHcTBa
wramma L. Pasteur, nnocumnmsmpoBaHHbIX B pasHbIX 3a-
LWMTHBIX cpefax, nocne 24-mMecs4yHOro XxpaHeHus npuv pas-
HbIX TemnepaTypax ; o —cpena 1; m—cpepa 2; m — cpepa 3;
® — cpeda 4; * — pasnuuug CTaTUCTUHECKN 3HaYMMbl MEXIY
Temnepatypamu —80 u 5°C; # — pasnuumsa ctatucTmyeckn
3HauMMbl Mexay Temnepatypamu —80 n —20°C; & — Bpemsi
pacTBOPEHUsI 3HAYMMO HWXEe, YeM B Opyrux cpepax; § —
BPEMS PacTBOPEHMS 3HA4YMMO BbILLIE, YEM B ApYruX cpeaax;
A — pas3nuuusi CTaTUCTUYECKM 3HAYUMbl Mexay cpedamu 3
na.

Fig. 3. Dissolution time of L. Pasteur rabies virus strain
specimens, frozen-dried in various protective media after
24-month storage at different temperatures; o — medium 1;
m — medium 2; m — medium 3; = — medium 4; * — dif-
ferences are statistically significant between —80 and 5°C;
# — differences are statistically significant between —80
and —20°C; & — dissolution time is significantly lower ver-
sus other media; § — dissolution time is significantly hig-
her versus other media; » — differences are statistically
significant between media 3 and 4.
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nmu3anuu. Hambonee BBICOKMI ToOKaszarenb HH(]EK-
IIMOHHOHN aKTUBHOCTH BHPYCa YCTAHOBJICH B 00pa3-
nax, IMopuIN3upoBaHHbIX B cpeae 3 (91%), B 00-
pasmax, BRICYIIEHHBIX B cpenax 1, 2 m 4, — 86, 81 u
84% COOTBETCTBEHHO MO CPAaBHEHUIO C NaHHBIMHU JI0
mnopmmzanyn. CTaTUCTUYECKH 3HAYUMEBIC pasliv-
qus TOKa3aTesied MH(PEKITMOHHONW aKTHBHOCTH CyO-
JUMHAPOBAHHOTO BUpyca u3 obpasnos 1 u 4, 2 u 4 06-
Hapy>XeHBI HE OBLITH.

YcTaHOBIIEHO, YTO HA WH(EKIMOHHYIO aKTHHOCTh
TUO(GHUIN3NPOBAHHOTO BUPYCa, XPAHUBIIECTOCSA B Te-
yeHue 24 MecsIeB, B pa3HOl CTENEHU BIUSIIA TEM-
reparypa, CpoK XpaHEeHHUs K COCTAB 3allIUTHOMN Cpe/Ibl
(puc. 5). CrarucTudeckuii aHaJIM3 JaHHBIX TOKa3all,
YTO Yepe3 6 MECAIEB CTCICHb BIMSHHS 3allUTHON
Cpezbl BBIIIE, YeM TEMIIEpaTypHBIX YCIOBUI XpaHe-
HUs, depe3 12 mecsneB 3TH (PakTopsl UMETH OIMHA-
KOBOE BIIUSHUE, a uepe3 18 u 24 Mecsia Temmneparypa
XpaHeHHs OblIa OMPEEIIIONINM ITapaMeTPOM.

C menpio ycTaHoBIeHUS 3PPEKTUBHBIX TeMIIEpa-
TYpPHBIX YCJIOBHU XpaHEHHS B KAYECTBE KOHTPOIIbHO-
rO TIOKa3arenisl WCIOJIb30BATH HH()EKIIMOHHYIO aK-
TUBHOCTH BHpyca Iiepe] xpaHneHuem (puc. 5). Tak,
AKTUBHOCTH BUpYycCa MOCIE 6-MECSYHOTO XPaHCHUS
npenaparos npu —80°C He u3MeHsanIach Bo Bcex 00-
pasuax, mpu —20°C B cpenax 1-3 ocraBanach Ha TOM
e YpOBHE, a B cpeie 4 3HAYMMO CHUXKAIIACH 110 CPaB-
HEHHIO ¢ KOHTpOJIeM u xpaHenueM rpu —80°C.

HNudexnronHas akKTUBHOCTb BO BCEX 0Opasmax
rocie 12- u 6-MecsIIHOTO XpaHeHHs OblIa aHAJIOTHY-
Ha. Uepes 18 mecsrieB XpaHEHHUS BO BCEX Mpernaparax
YCTaHOBJIEHO 3HAYMMOE CHIDKCHHE HH(EKIIMOHHON
AKTUBHOCTU BHpYyCa IO CPABHEHUIO C 12-MeCIIHBIM
XpaHEeHHUEM, a 10 CPABHEHUIO C KOHTPOJIEM — KpOMe
npenaparoB B cpefie 2, xpanuBLmxcs mpu —80°C. Ye-
pe3 24 Mecsna Bo Bcex 00pasiax HaOMIanoch Jajb-
Heiilliee 3HaYMMOE CHIDKECHHE MH()EKIIMOHHOTO THTpA
M0 CPaBHEHUIO C WX 18-MeCSYHBIM XpaHEHUEM TpU
temmeparype 5°C, a Takke B o0paslax co cpeaamu
2—4 ipu —20°C. B ocranmpHBIX 00pa3ax aKTHBHOCTh
TaKKe CHU3WIACh, HO TIOKA3aTed 3HAYMMO HE OTIIH-
YaJIMCh OT TAKOBBIX Tocie 18-MecsaHOro XpaHeHHU .
Ha Bcex cpokax xpanenus npu 5°C uHEKITMOHHASL
aKTUBHOCTBH BHPYCa BO Bcex 00pa3Iax Oblaa 3HAYUMO
HWXE TI0 CPaBHEHUIO C KOHTPOJEM M TpemnapaTaMu,
xpanuBmmMuca npu —20 u —80°C. MuHUManbHbIE
MOTEePH aKTUBHOCTH OBUIM BBISBICHBI B 00Opasiax,
xpanuBmmxcs mpu —30°C.

Ha puc. 5 taxkxe npencraBieHbl pe3yJbTaThl CTa-
TUCTUYECKOTO aHajM3a CTCIICHU BIUSHUS COCTaBa
3alIUTHBIX Cpell HAa COXPAHHOCTh BUpYyCa IpPHU pa3-
HBIX TeMIleparypax XpaHEHUs. YCTaHOBJEHO, YTO
pu Bcex Temrmeparypax (5, —20, —80°C) B TeueHue
24 wmecsneB XpaHCHUS MAaKCUMAIBHBINA 3allUTHBIN
s dexT okaspBana cpena 3. boiee BeIpaxeHHas d¢-
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Puc. 4. VIHdeKkuMoHHas akTMBHOCTb Bupyca OelleHcTBa
wrtamma L. Pasteur nocne nuodunmsauum B pasHbix 3a-
LWMTHBIX cpedax; * — pa3nuyms CTaTMCTUYECKU 3HAYMMbI MO
CPaBHEHUIO C MHPEKLMOHHON aKTUBHOCTBLIO BUpYCca A0 Nn-
odunuzauuum (p < 0,05; n = 5).

Fig. 4. Infectious activity of L. Pasteur rabies virus
strain after freeze-drying in various protective media;
* — differences are statistically significant as compared
with the virus infectious activity prior to freeze-drying
(p <0.05; n=25).

The infectious activity of the frozen-dried vi-
rus, stored for 24 months was established to be dif-
ferently affected by temperature and storage time,
as well as the protective medium composition
(Fig. 5). Statistical analysis of the data showed that
after 6 months later the influence of protective me-
dium was higher than that of temperature storage
conditions, 12 months later these factors had the
same effect, and after 18 and 24 months the storage
temperature became the determining parameter.

In order to establish the efficient temperature
storage conditions, the virus infectious activity
prior to storage was used as a control index (see
Fig. 5). The virus activity after 6-month storage
of preparations at —80°C remained unchanged in all
the specimens, at —20°C in the media 1-3 it remai-
ned at the same level, but in the medium 4 it sig-
nificantly decreased as compared to the control and
storage at —80°C.

Infectious activity in all the specimens after 12-
and 6-month storages was similar. After 18-month
storage, a significant decrease in infectious activity of
the virus was found in all the specimens as compared
to 12-month storage, but excepting those in the
medium 2, stored at —80°C versus the control. After
24 months, further significant decrease in infectious
titer was observed in all the specimens, as compared
to their 18-month storage at 5°C, as well as in the
specimens processed in the media 2—4 at —20°C.
In the remaining specimens, the activity was also
decreased, but the indices did not significantly differ
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Puc. 5. VlHdekumnoHHas akTMBHOCTb Bupyca belueHcTBa wramma L. Pasteur, nnodunmavpoBaHHOro B pa3nuyHbIX cpeaax,
nocrne xpaHeHus npu Temnepartypax 5, —20 n —80°C, B TeyeHMe pasHbIX CPOKOB XpaHeHusi: A — 6 mecsiues; B — 12 mecs-
ueB; C — 18 mecsues; D — 24 mecsaua; o — cpega 1; m — cpefa 2; m — cpepa 3; m — cpega 4; * — pasnuuns ctaTUCTUYeckn
3HaYMMbI MO CPABHEHMIO C aKTUBHOCTLIO Nepes XpaHeHeM; # — pasnuums cTaTUCTUYECKU 3HAYUMbI MO CPABHEHUIO C MNpe-
AblOYLLMM CPOKOM XpaHeHust; & — MHpeKUMoHHas akTMBHOCTL Npu —80°C 3HaunMo Bbile, Yem npu —20°C; § — makcumarnbs-
HO 3Ha4YMMbIN 3¢pPEKT No cpaBHEHUIO ¢ Apyrumu cpegamm (p < 0,05; n = 5).

Fig. 5. Infectious activity of L. Pasteur rabies virus strain, frozen-dried in various media after storage at 5, —20 and —80°C
during different storage periods: A — 6 months; B — 12 months; C — 18 months; D — 24 months; o — medium 1; m — medium
2; m — medium 3; m — medium 4; * — differences are statistically significant as compared with the activity prior to storage;
# — differences are statistically significant as compared with previous storage time; & — infectious activity at —80°C is

significantly higher than at —20°C; § — the maximum significant effect versus other media (p < 0,05; n = 5).

(hbeKTUBHOCTH, BEPOSATHO, OOYCIIOBIICHA HATUYAEM
JIBYX 3aIIUTHBIX KOMIOHEHTOB — 1% >xenatuna u 5%
caxapo3bl. M3BecTHO, 4TO caxapa criocoOHBI 00pa3o-
BBIBaTh BOJIOPOIHBIC CBSI3H C MOJIIPHBIMH U 3apsKCH-
HBIMH TPYIIIIaMU 110 MEPe yAAJICHUS BOJBI, UTO Ipe-
JOTBpAIIAET TOBPEXICHHE OHOMOJNIEKYT BHUPHOHOB
B mporiecce ymodunuzanuu [12, 17]. benku cradu-
JTU3UPYIOT CTPYKTYPHBIE KOMIIOHEHTHI BUPYCHOM Yac-
THUIIBL, TIPETIATCTBYIOT CIUMAHUIO BUPUOHOB U M3Me-
HeHnuto pH cpensr [8, 9]. Takoe coueTanHOE ACHCTBHE
3alIUTHBIX MEXaHU3MOB OOYCJIaBIUBAET IIPEUMY-
IIECTBA CPE/IbI 3 Mepell caXxapoCcoepKalluMU cpea-
mu 1 u 4.

BripakeHHocTh 3amuTHOTO 3ddexra cpen 2 u 3
CBsI3aHa C KOHIICHTpaIei B HUX xenaruHa (3 u 1%
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from those after 18-month-long storage. At all the sto-
rage terms at 5°C, the virus infectious activity in all
the specimens was significantly lower as compared
to the control and preparations, stored at —20 and
—80°C. The minimum loss of activity was revealed
in the specimens, stored at —80°C.

The Fig. 5 presents the analysis of impact of
protective media composition on the virus survival
at different storage temperatures. The medium 3
was established to have the maximum protective
effect at all the temperatures (5, —20, —80°C) within
24 months of storage. More pronounced efficiency
was most likely due to the presence of two pro-
tective components, i. e. 1% gelatin and 5% suc-
rose. It is known that sugars are capable of for-
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cooTBeTCTBEHHO). [lockonbky Bce o0pasipsl arodu-
JU3UPOBAIH OJHOBPEMEHHO IO OJHOMY TEXHOJO-
THYECKOMY pErJIaMeHTY CYyIIKH, TO MOXHO Ipen-
TIOJIOKHUTD, YTO MaTpHIlAa U3 Cpenbl 2, Kotopas ¢dop-
MHpOBajach MpH CyOIMMaIiy, B MEHBIIEH Mepe
MpeaoTBpalaia pa3pylmeHue BHPYCHBIX YacTHI[ Ha
BCEX TEXHOJIOTHMUYECKHUX dTamax (CyOomuMaIrias M Io-
clemyromiee XpaHeHHe ).

Paznuuus coxpaHHOCTH JNHO(DHIN3NPOBAHHOTO
BUpYyCa B TpoLIECCe XPAaHEHUS NPU Pa3IUYHbIX TEM-
neparypax CBS3aHbI C OCTaTOYHOW BIAKHOCTBHIO BBI-
cymeHHbIX 00pa3noB. [Ipu Temneparypax 5 u —20°C
HaIW4ME OXJIAKICHHOW M MEpeoXJaKICHHOW OK-
pyXatoleld BOABI CIIOCOOCTBYIOT XHUMHYECKHM U
OMOXMMHUYECKMM pEaKLsM, KOTOpblE MNPUBOIAT K
nHakTuBanuu Bupyca. [Ipu —80°C 3akaHumBaeTCs
KPUCTAITM3AIMS CBSI3aHHOW BOJBI, M1 BUPHUOHBI Ha-
XOIIATCSl B COCTOSIHUH, OJIN3KOM K aHaOMO3y.

[TomydenHble pe3ynbTaThl MOATBEPKAAIOT HEOO-
XOIUMOCTh T0AOOpa WHIWBUAYAIBHBIX PEXHMOB
CYUIKH TIpH JHO(QHUIN3AlMU BHPYCOB B 3AIIUTHBIX
cpenax ¢ pa3JIMYHBIM COCTABOM.

BrIBOABI

1. HonrocpoyHoe XxpaHeHHe JTUOPUIN3UPOBAHHO-
ro Bupyca OemenctBa mramma L. Pasteur npu tem-
neparype —80°C 3HaunMMo Oonee 3PPEKTUBHO, YeM
pu Temneparypax 5 u —20°C.

2. Jlnsa nuodunuzaiuu mramma L. Pasteur mene-
c000pa3HO HCTIONB30BaTh 3AIUTHYIO CPEy CIIEAYIO-
ero cocrasa: nuTarensHas cpega DMEM ¢ mo6as-
neraueM 0,5% BCA, 1% xenatuna, 5% caxapo3sbl.

3. [Ipumenenue pa3pabOTaHHOH 3aITUTHON CPEIIBI
Uil THOQUIM3aluy BHpyca OEIIeHCTBa MO3BOJUIIO
coxpanuTh 91% ero ucxomHodW MH(EKIUOHHOW aK-
TUBHOCTH.
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ming hydrogen bonds with polar and charged
groups if the water is removed, thereby preven-
ting the damage of virion molecules during freeze-
drying [9, 17]. The proteins stabilize the structural
components of viral particle, prevent the adhesion
of virions and changes in medium pH [3, 5]. This
combined effect of protective mechanisms stipu-
lates the advantages of the medium 3 over the sugar-
containing media 1 and 4.

The manifestation of protective effect for the me-
dia 2 and 3 was related to gelatin concentration in
the media (3 and 1%, respectively). Since all the
specimens were frozen-dried simultaneously accor-
ding to the same technological procedure of drying,
it might be assumed that the matrix from the
medium 2, formed during drying, to a lesser extent
prevented the virus particles destruction at the
technological stages (drying and further storage).

The differences in survival of frozen-dried virus
during storage at various temperatures are associated
with residual moisture of dried specimens. At 5 and
—20°C the presence of cooled and supercooled water
in the samples allows the chemical and biochemical
reactions, entailing the virus inactivation. At —80°C
the bound water is crystallized and the virions are
in a state close to anabiosis.

Our findings confirm the necessity to select the
individual drying regimens when freeze-drying
the viruses in protective media with various compo-
sition

Conclusions

1. The temperature of —80°C was significantly
more efficient for a long-term storage of frozen-dried
the L. Pasteur rabies virus strain, than 5 and —20°C.

2. To freeze-dry this strain, it was expedient to use
a protective medium of the following composition:
DMEM culture medium supplemented with 0.5%
bovine serum albumin, 1% gelatin and 5% sucrose.

3. The use of the developed protective medium
for the rabies virus freeze-drying enabled to preserve
91% of its original infectious activity.
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