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Stimulating Effect of Ozone Low Doses on Microorganisms’ Growth
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O30H B I03UPOBAHHBIX KOJHYECTBAX J00ABISUTH B POCTOBYIO cpeny Oakrepuit Esherichia coli umm apoxokenogoOHBIX TPUOOB
Candida albicans u HaOmMoOmaMN 32 KHHETUKOH POCTa MUKPOOPTAaHU3MOB B 3aBUCUMOCTH OT €ro KoimdecTBa. OOHApYKEHO, Y4TO IIPH
J103e 030Ha B pocToBoii cpeze 0,3-0,5 Mr/im oTMedaeTcst CTUMYJISLIES POCTa MUKPOOPTaHU3MOB, IIpH 00JIee BUCOKHX JJ03aX — YTHETCHHE
pocrta. Ecnu rpu6s1 Candida albicans monBeprayTh 3aMopaKiuBaHuIo 10 —196°C 1 0TTauBaHUIO, TO TP JOOABICHHH 030HA B POCTOBYIO
cpeny nepes 3aMopakMBaHHEM HaOo1aeTces 001ee MHTCHCUBHBIH POCT IPHOOB 1OCIIE OTTaHBaHUSL.

Kntouesvie cnoea: 030H, MUKPOOPTaHU3MBI, CTUMYJISLIUS POCTa, KPHOKOHCEPBUPOBAHKE, POCTOBAS Cpela.

O30H B 1030BaHUX KUTBKOCTSIX JJOAAaBAIN B POCTOBE cepeoBuliie 6akrepiit Esherichia coli abo npixxmkenonioaux rpudiB Candida
albicans 1 coctepiraiy 3a KIHSTHKOK POCTY MIKPOOPTaHi3MiB y 3aJIeKHOCTI BiJ HOro KUTBKOCTi. BusBIIeHO, 10 Tpu 1031 030HY
0,3-0,5 Mr/n cocTepiraeThcsi CTUMYJIISALIS POCTY MIKPOOPTaHi3MiB, IpH OLTBII BUCOKUX J103aX — MPUTHIYCHHS POCTY. SIKIIO rpubHn
Candida albicans minnatu 3amMopoxxyBanHIO 10 —196°C i BiATaBaHHIO, TO NPU JOJaBaHHI 030HY B POCTOBE CEpPEIOBUILE MEpEn
3aMOpPOKYBAHHSM BiJ3HAYA€THCS OLTBII IHTCHCUBHUM PiCT TPUOIB MicIIst BiATABAHHS.

Kntouoei cnosa: 030H, MiKpOOpPraHi3MH, CTHMYJISILISL POCTY, KPIOKOHCEPBYBaHHSI, POCTOBE CEPEIOBHIIIC.

Ozone in dosed amount was added to growth medium of Esherichia coli bacteria or Candida albicans yeast-like fungi and the
kinetics of microorganism growth depending on its amount was under observation. With the ozone dose of 0.3-0.5 mg/l in growth
medium there was found the growth stimulation of microorganisms, with higher doses the growth suppression was found. If Candida
albicans fungi are subjected to freezing down to —196°C and then to thawing, then with adding ozone to growth medium before freezing

more intensive fungi growth after thawing is noted.

Key-words: ozone, microorganisms, growth stimulation, cryopreservation, growth medium.

Crumynupyrolee qeiiCTBHEe MaJIbIX 03 030Ha Ha
Onosornueckre 0ObEKTH aKTHBHO U3y4YaeTcs Ucce-
JoBaTeNnsMH, HauuHasg ¢ 70-x rogoB. DTOT MHTEpEC
HCCIIEI0OBATENEH CBSI3aH C HCIOIb30BAHNEM 030Ha KaK
TepaneBTHYeCKOro cpeacTsa [11-14]. beuto nokazano,
YTO Ha YPOBHE OpraHU3Ma TEIUIOKPOBHBIX >KUBOTHBIX
030H B MaJIbIX /103aX CIIOCOOCTBYET aKTUBALUN METa-
6onm3Ma, MPOSIBIAIET UMMYHOMOAYIUPYIOUIHAE
cpoiictBa [9,10], mox ero meiicTBUeM OOHApPYXH-
BaIOTCSI AHTUTHUIIOKCHYECKUN M J€TOKCUKAIIMOHHBINA
s dexTr! [6]. B mocnennue roasl yCTaHOBIEHO, 9TO
B MPUCYTCTBUHM O030HA yCHJIMBAETCS MOTpeOIeHUe
[JTIOKO3BI TKAHSMHU U OpTaHaMH, YMEHBIIIAETCs CONEp-
YKaHHUE HEJIOOKHCIICHHBIX METa00IUTOB B Tutazme [ 13].
OTMedeHo, 4TO MOJ IEeHCTBHEM O30HA YBEIUYH-
BaeTCs aKTHBHOCTb [Ty TaTHOHOBOM CHCTEMBI, (hOpMHU-
pytolei BHyTPUKIETOUYHYIO AHTUOKCUIAHTHYIO 3all[H-
Ty OpraHW3Ma POTUB aKTHBAIIUU CBOOOIHOPAUKAIb-
HBIX peaknuii [8, 12].

BwMmecte ¢ TeM BBICOKHE JI03bI 030HA T'YOHTEIBHO
JNEHCTBYIOT HA MHOTHE MHKPOOpTaHU3Mbl. O30H B
BOJTHOM PacTBOPE CIIOCOOEH YOUBATh BCE M3BECTHEIE
BH/JIBI TPAM-TIOJIOKUTENBHBIX U TPaM-OTPHULIATEIbHBIX

Stimulating effect of ozone low doses on biological
objects has been actively studied by the researchers
since the 70s. This interest of researchers is related to
the usage of ozone as therapeutic means [11-14]. It
has been shown that at an organism level of homoio-
thermal animals ozone under low doses contributes to
the activation of metabolism, manifests immune
modulating properties [9, 10], under its effect anti-
hypoxic and detoxicating effects are revealed [6]. Re-
cently it has been found that the glucose consumption
by tissues and organs is strengthened in ozone pre-
sence, the content of incompletely oxidized metabolites
in plasm reduces[13]. It has been noted that under
ozone effect the activity of glutathione system, forming
intracellular antioxidant protection of an organism
against free-radical reactions is increased [8, 12].

In addition high doses of ozone ruinously affect
many microorganisms. Ozone in aqueous solution is
capable to kill all known types of gram-positive and
gram-negative bacteria, including blue puss bacillus and
legionella, all lipo- and hydrophilic viruses, including
those of hepatites A, B, C, spores and vegetative forms
of all known pathogenic microorganisms, fungi and
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OaxTepuii, BKIIOYast CHHETHOWHYIO ITaJI0YKy ¥ JIETHO-
HEJUTY, BCE JIUIO- U THAPO(PHIBEHBIE BHPYCHI, B TOM
yucie BUpychl renatutoB A, B, C, ciopsl u Berera-
TUBHBIEC (POPMBI BCEX M3BECTHBIX MATOTEHHBIX MUKPO-
OpPTaHU3MOB, TPUOOB U MpocTeUX. O30H B KOHIICHT-
paumu ot 1 10 5 MI/J B BOJHOM PacTBOPE IMPUBOIHUT K
rubenu 99,9% E.Coli, Streptococcus faecalis,
Micobacterium tuberculosum, Cryptosporidium
parfum, Varavium u Apyrux MHKPOOPTaHU3MOB B
teuenue 4-20 muH [1, 4, 5, 7]. MexaHU3MBI TEUCTBUS
OO0JIBIINX 103 030Ha HA MUKPOOPTaHU3MBI CBS3BIBAIOT
B MEPBYIO OYEPEND C €r0 JECTPYKTUBHBIM BIHSHUEM
Ha MeMOpaHEI.

B ornmune oT AeCTpYKTHBHOTO NEHUCTBUS OOIb-
LIMX 703 030Ha MEXaHU3MbI CTUMYJIMPYIOLIETO AEHCT-
BUS MaJIbIX 103 Ha OMOJIOTHYECKUE CUCTEMBI U3yUYCHBI
Mano. DhexTs nedcTBUS Kak OONBIIUX, TaK U
MaJbIX 103 030Ha Ha OMOJIOTHYECKHEe CHCTEMBI MOTYT
MIPEICTaBIATh IPAKTHICCKHIA UHTEPEC ISl KpUOOHO-
JIOTHH, 0COOEHHO MCIIONIb30BAHHE CTU-MYITHPYIOIIETO
3¢ dexTa MaIBIX 03 030HA Ha ONOIOTHYECKHIE 00BEK-
THI Ha Pa3HBIX CTAAUSIX KPUOKOHCEPBUPOBAHIIS.

Lenp HacTosmiel paboThl — UCCIIEOBAHUE JCHCT-
BHSI MaJIBIX 103 030HA Ha KHHETUKY POCTa HEKOTOPBIX
MHUKPOOPTaHU3MOB B HOPMaJIbHBIX (PU3HONIOTUIECKIX
YCIOBHSAX W IOCIE 3aMOPaXMBAHUSI-OTTaNMBAHU.
Br16op MHKpOOpraHu3MOB Kak 0ObEKTa HCCIIE0Ba-
Hus ObU1 00yCIIOBIIEH, MPEXAE BCETO, MPOCTOTOM
YHCITICHHBIX OIIEHOK OMOJIOTMYECKOTO JeWCTBUS 030HA.
CreneHp BIMSHUSA 030Ha HA MUKPOOPTaHNU3MBI JIETKO
OLIEHUTB IO XapaKTe-pUCTHKaM MOKa3aTelel pocTa.

Matepunanbl 1 metoAbI

O30H IS UCCIIEJOBAaHUM MOTydYaIl U3 YUCTOTO
KHUCJOpOJa IpU MOMOIIK pa3paboTaHHOTO HAMH
reHepaTopa ¢ pas3psaHol TpyOkol 6apbepHOro THIIA.
[Ipon3BOAUTENBHOCTH T€HEPATOPA A0 5 J 030HO-
KHCIIOPOJHOW CMECH B MUHYTY, KOHIIEHTPAIHsI 030HA
10 30 MI/1 B Ta30BO cMecH Ha BBIXOJIE TeHeparopa.
Konuentpauuio o30Ha B ra3oBoil ¢ase B 030HO-
KHCIIOPOJIHON CMECH M B BOJIHBIX PacTBOpax oOIpe-
JEJSITN CTIEKTPO(POTOMETPHUECKUM METOIOM, H3Me-
pss cnekrpoporomerpom Specord UV VIS normome-
HUE CBeTa Ha mojioce XurruHca-Xaptiu (254,7 am).
[Ipu pacuerax MCHONB30BATN 3HAYCHUS CEUCHUS
MIOTJIOIIEHUSI 030HA, TpuBeAeHHbIe B [3]. OO0BeKTOM
HcclenoBaHus cyxuim Oakrepun Esherichia coli
(urraMmM noryuyeH u3 Poccuiickoi KOJEKIMY TPOMBIIII-
JIeHHbIX MUKpoopranu3mos ['HUM renernku, Mock-
Ba) M npoxokenonoousie rpudsl Candida albicans
ATCC 835-653, nonyuennsle n3 xomtekuun AO3T
“3mopoBbe” (T. XaprkoB). MccnenoBanue BIUSHUS
030Ha HA POCT MUKPOOPTaHU3MOB IIPOBOJIMIA METO-
JIOM TI0OCE€Ba MHKPOOPTAaHM3MOB Ha MUTATENHHYIO
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protozoa. Ozone under concentration from 1 to 5 mg/l in
aqueous solution results in the 99.9% death of
Esherichia coli, Streptococcus faecalis, Mico-
bacterium tuberculosum, Cryptosporidium
parfum, Varavium and other microorganisms during
4-20min[1,4, 5, 7]. Action mechanisms of ozone high
doses on microorganisms are referred firstly to its
destructive effect on membranes.

In contrast to destructive effect of high doses of
ozone, the mechanisms of stimulating effect of low
doses on biological systems has been investigated
poorly. The effects of both high and low doses of ozone
on biological systems may be of practical interest for
cryobiology, of special one is the usage of stimulating
effect of ozone low doses on biological objects at
different cryopreservation stages.

The aim of this research was studying the effect
of ozone low doses on the kinetics of the growth of
some microorganisms under normal physiological
conditions and after freeze-thawing. The choice of
microorganisms as the research object was stipulated
first of all by the simplicity of numeric assessments of
ozone biological effect. The degree of ozone effect on
microorganisms is easy to estimate on the charac-
teristics of growth indices.

Materials and methods

Ozone for the study has been obtained from pure
oxygen by means of specially developed by us generator
with discharge tube of barrier type. Generator yield is
up to 5 1 of ozone-oxygen mixture per minute, ozone
concentration is up to 30 mg/l in gas mixture at
generator output. Ozone concentration in gas phase in
ozone-oxygen mixture and in aqueous solutions was
spectrophotometrically examined by measuring light
absorption with “Specord UV VIS” spectrophotometer
on the Higgins-Hartley band (254.7 nm). For
calculations there were used the values of ozone
absorption section, reported elsewhere [3]. Esherichia
coli bacteria (strain was obtained from Russian
collection of industrial microorganisms of the State
R&D Institute of Genetics, Moscow) and Candida
albicans yeast-like fungi ATCC 835-653, obtained
from the collection of JSC “Zdorovje” (Kharkov)
served as the research objects. The investigation of
ozone effect on growth of microorganisms was
performed by the inoculation of microorganisms on
nutritive medium and calculation of number of colonies
according to the methods described in the paper [2].
Esherichia coli bacteria were grown on meat peptone
agar slope at 37°C for 20-22 hrs. Candida albicans
fungi were grown on Sabouraud’s agar slope for 30
hrs at 30°C. Kinetics of microorganism growth was
studied by measuring with photocolorimeter of optic
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Cpeay W mojicyeTa yrciia KOJIOHUH 10 METOMKE, OTIHU-
canHo# B [2]. bakrepuu Esherichia coli BepamuBanu
Ha CKOIIIEHHOM MsCO-TIeNTOHHOM arape mpu 37°C B
tedenue 20-22 4. I'pubsl Candida albicans Beipa-
[UBAaJIHN Ha cKomeHHOM arape Cabypo B Tedenue 30 1
npu 30°C. KuneTuky pocta MUKPOOPTaHHU3MOB
HCCIIEI0BAIM U3MEPEHHEM NPH MOMOIIN (HOTOKOJIO-
pUMeTpa ONTHYECKOH IIIOTHOCTH POCTOBOM CPEIbI BO
BpeMs ux pocrta. I'pubsl Candida albicans 3amopa-
KHUBAJIM B POCTOBOM cpejie 0e3 KPUOMPOTEKTOPOB U
oTorpeBalid Ha BOAsSHOW Oane. Mcmonp3oBanu aBa
PEeKUMA 3aMOPAKUBAHNS: IEPBBII — OJHOCTYIIEHYAThIN
MpSIMBIM MTOTPYKEHHEM KOHTeiHepa ¢ 00pa3ioM B
KUIKUN a30T (PEXKUM OBICTPOTO 3aMOPa’KMBaHHUS ), IPH
KOTOPOM CKOPOCTH OXJIQXKJCHHS COCTABIISLIA OKOJIO
400°C/muH, BTOpOii — IBYXCTYTIEHYATHIN C OXJIaxe-
HueM oopasia ot 20 10 —45°C co ckopocthio 2°C/MuH
U Jajee NOrPy’KeHHEM KOHTEHHepa B KUIKHUN a30T.
Yka3zaHHbIE PEKUMBbI 3aMOPAKUBaHNS OBUTH BEIOpaHbI
HAMH U3 TEX COOOpaKEHUIA, YTO OHH 00ECIIeUNBAIOT
Pa3HyIo cTeneHb COXPaHHOCTH MUKPOOPTaHU3MOB ITPU
3aMOpaKMBaHUH KJIETOK 0e3 030Ha. B mannoii padorte
IUIsl HaC TPEACTaBISIO MHTEPEC CONOCTABUThH BEIIU-
yuHy 3QpeKTa BO3ACHCTBHS 030Ha Ha KIETKU, UCTIbI-
TaBIIHE MTOBPEXK/ICHHE PA3IMIHOMN CTETIEHH B PE3YIIb-
TaTe 3aMOpaXKWBaHUS-OTTauBaHus. J{s1 BBelEHUS B
POCTOBYIO Cpely KOHTPOJIUPYEMOTO KOIMIECTBa 030HA
HCTONB30BaIN (PU3NOJIOTHUECKUI pacTBOP, KOTOPBI
0apOoTHpOBaTH 030HO-KUCIOPOIHON CMECHIO 0O
JOCTH)KEHHS KOHLIEHTPAIMU PaCTBOPEHHOTO 030Ha 2-
4 mr/11. 3ateM TpeOyeMblit 00beM (HHU3HOIOTHYECKOTO
pacTBopa, HACKHIIIIEHHOTO 030HOM, BBOAMIIM B POCTO-
BYIO CpeZy AJsl MUKPO-OPTaHU3MOB.

Pe3yAbTathl M 00CyXXAeHHe

Ha pucyHKe mpencraBiieHa MOJydeHHas HaMU
3aBUCHUMOCTb BEJTMUMHBI CTUMYJIUPYIOILETO AeHCTBUS
030Ha Ha pocT Oakrepuii Esherichia coli npu pa3HbIX
Jl03aX €ro B pocToBoi cpene. KoHueHTpaiuu o30Ha
yKa3aHbl B pacueTe Ha €AMHHUIy 00beMa POCTOBOM
cpeasl. BUIHO, 4TO TpW KOHIEHTpAIMK O30HA B
poctoBoii cpene 0,12 u 0,35 mr/nm nHabmrogaeTcs
yBEJIMYEHHE KOJIMIeCTBA OaKTepuii B Cpeie Ha INHEH-
Ho# (a3ze pocra, mpu go3e 0,67 mMr/i — 3¢ pexT yrae-
TEHHS POCTa KJIETOK 030HOM.

BrrsBrienss1it 3 hexT cTUMYIHUPYIOIIETro AeHCTBHS
030Ha Ha MUKPOOPTaHU3Mbl HHTEPECHO UCCIIEAOBATh
C TOYKH 3PEHUSI BO3MOXKHOCTH HUCIIOJIH30BAHUS €0 B
KPUOOHOJIOTHH IJIs1 CTUMYJISILIH TIPOLIECCOB JKHU3HE-
JESTENIbHOCTH B KJIETKax MOCJie KPUOKOHCEPBUPO-
BaHUs. Takue MCCIeNOBaHUsI MbI NMPOBOJIUIN Ha
npoxokenonooHeix rpudax Candida albicans. Jlo3u-
POBaHHBIE KOJIMYECTBA 030HA JOOABIISIIH B CYCIICH3UIO
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density of growth medium during the growth in it of
microorganisms. Candida albicans fungi were frozen
in growth medium without cryoprotectants and thawed
on water bath. There were used two freezing regimens:
the first one is one-step, container with the sample
was submerged into liquid nitrogen, at which cooling
rate made about 400°C/min and another is a two-step
regimen with the sample cooling 2°C/min from 20°C
down to 45°C and further with immersion into liquid
nitrogen. The mentioned freezing regimens were cho-
sen by us because they provide different degree of
micro-organisms’ integrity during freezing of cells
without ozone. In this research for us there was of
interest to compare the ozone effect value on cells
subjected to various degree of damage as a result of
freeze-thawing. To introduce into growth medium the
ozone amount being controlled we used physio-logical
solution which was bubbled with ozone-oxygen mixture
up to the achieving the concentration of dissolved ozone
2-4 mg/l. Then the requested volume of physiological
solution was introduced into growth medium for
microorganisms.

Results and discussion

The figure shows the obtained by us dependency
of the value of ozone stimulating effect on the growth
of Esherichia coli bacteria under its different doses
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[Tokazatenu pocta 6akrepuit Esherichia coli B pocToBOM
cpene Oe3 moOaBieHus 030HA (1 — KOHTPOJIB) U B IIPH-
CYTCTBUH pa3JINUHBIX 1103 030Ha (Mr/m): 2 —0,0013; 0,013 n
0,062;3-0,12;4-0,35;5-0,57.

Indices of bacteria growth for Esherichia coli in growth
medium without adding ozone (1- control) and in the
presence of ozone different doses (mg/1): 2—0.0013; 0.013
and 0.062;3-0.12;4-0.35;5-0.67.
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KJIETOK HENOCPEeICT-
BEHHO IIEpeJ] 3aMopa-
’)KuBaHUEM. Pe3ynbra-

KuznecnocobHOCTH AposxxenonobHbIX rpuboB Candida albicans nocne
3aMOpPaKHUBAaHUS B PACTBOPAX, COACPIKAILNX 030H

Viability of Candida albicans yeast-like fungi after freezing

in ozone-containing solutions

TBI OTHUX I/ICCJ'Ie,Z[OBaHI/Iﬁ

HpOLIeHT JKM3HECTIOCOOHBIX KAETOK IOCAEe 3aMOpPa’>XKUBAHUA BCpeAaX

HpeHCTaBHeHBI B Ta6- C AOﬁaBKaMI/I PA3AMYHBIX AO3 O30HQ, Mr/A
JTHLIE Percentage of viable cells after freezing in media with adding different ozone

: Peskum 3aMOpa’kuBaHUS doses,mg/1

- Freezing regimen
aK BUIHO U3 Tal g reg
KoHTpoAab, cpeaa
JALBL, SPPEKT CTUMY-
uet, obd . y COSSZ 101213§e— 0,16 0,32 0,48 0,64 08

JINPYIOUIETO AEUCTBUS oo modinm
030HAa HE OJIMHAKOB JJIsl
PpasHBIX CKOPOCTEH 3a- ON‘gfgg’EesftI:;TL‘ﬁ 47,8429 61,7229 | 669+42 | 655+ 47 | 61,2%31 | 425+57
MopaxusaHnus. [Ipu 3a-
MOpPa)KHBaHUU IPUOOB B
MPUCYTCTBUHU O30HA B Aﬁyﬁafgﬁes‘igmﬁ 353%3,1 56,734 | 502%50 | 339=35 | 15172 | 34%18
KOHUEHTpaAaUHUHU

0,16-0,64 mr/a nHabiro-

nmaeTcst 0osee BBICOKAs

HX BEDKHBAEMOCTb ITOCIIE OBICTPOTO 3aMOPaKUBAHHSI.
[Ipu noBbIIIeHNH KOHIIEHTpaluu 030Ha 10 0,8 Mr/mn
KU3HECTIOCOOHOCTh JTOCTOBEPHO HE OTJIMYAETCS OT
MoKa3aHui B KOHTpoue. B o0pasiax, 3aMopokeHHBIX
JIBYXCTYIIEHYATO, 0OJiee BHICOKYIO JKHU3HECIIOCO0-
HOCTbH HaOJTIOAJIH TIPH KOHTIeHTparuy o30Ha 0,16-0,32
mr/11. [1pu noBeIIeHHH KOHIIEHTpaIuu 030Ha 10 0,64-
0,8 Mr/11 %HM3HECTIOCOOHOCTH TPUOOB OBLITA JOCTOBEP-
HO HIDKE, YeM B KOHTPOIBHBIX 0o0Opasiax. DToT pe-
3YJIBTAT COTIIACYETCS C TEMH IPEICTABICHUSIMHU, UYTO
030H B BBICOKHMX J103aX BBI3BIBACT YTHETECHUE POCTA
MHKPOOPIaHNU3MOB, IPHUYEM HAOJIONACTCS CHHEPTH3M
IBYX (haKTOPOB MOBPEKIAIOIICTO NCHCTBUS HA MHUK-
poopraHu3Mbl: (haKTOpa BEICOKUX J103 030HA U (haKTO-
pa 3aMOpakUBaHU-OTTauBaHUSA. DPPEKT CTHMYIIS-
uuu pocra rpubos Candida albicans oTmedaercs
MMEHHO TIPH MaJIBIX JT03aX 030HA.

OOBSICHUTh MEXaHWU3M CTHMYIUPYIOIIETO Jei-
CTBUS MaJIBIX JI03 030HA HA OMOJIOTHYECKUE CUCTEMBI
pa3HOTO YpOBHS OpPTaHU3AIMHA B HACTOSIIEE BPEMsI
MOXXHO TOJIBKO HA YPOBHE TUIIOTE3, MOCKOJIBKY MBI HE
pacmojaraeM JI0CTaTO4HO JIeTaIbHOI nHpopMarmei
0 MOJIEKYJISIPHBIX MEXaHW3MaX BIUSHHS 030HA Ha
KOMITOHEHTHI JKHBBIX cHCTeM. Hampumep, BaKHYIO
POJIb 311eCh MOYKET UTPATh aKTUBAIHS PePMEHTATHB-
HBIX CHUCTEM MaJbIMU J103aMHU 030Ha |8, 12, 13].

BbiBOADI

Briasnen a¢dext crumynupyromero AeiCTBUS
MallbIX 103 030HA Ha Oaktepuu Esherichia coli u
rpubsl Candida albicans B HOpManbHBIX (pU3HOIIO-
THYECKUX YCIOBHAX W TOCIE 3aMOpPaKUBAHMS-
oTTauBaHMs. BrisiBneHHBIH 3QdeKT MoxeT ObITh
MPaKTUIECKU PUMEHEH B KPHOOWOJIOTHY TP paspa-
0OTKE IPOTOKOJIOB KPUOKOHCEPBUPOBAHHUS OMOIOTH-
YECKUX OOBEKTOB.
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of ozone in growth medium. Ozone concentrations are
shown in respect of the growth medium volume unit.
Under ozone concentration of 0.12 and 0.35 mg/l in
growth medium there is observed an increase of the
bacteria number in the medium on linear growth phase,
at the dose of 0.67 mg/l the effect of suppression of
cells by ozone is noted.

The revealed effect of ozone stimulating action on
microorganisms is interesting to be studied from the
point of view of the possibility to use its in cryobiology
to stimulate the processes of vital activity in cells after
cryopreservation. These studies were performed in
Candida albicans yeast-like fungi.

Dosed ozone amounts were added to the suspension
of cells directly before freezing. The results of these
studies were shown in the Table.

As the Table shows ozone stimulating effect is not
the same for various rates of freezing. When freezing
fungi in ozone presence under concentration of 0.16-
0.64 mg/1 there is observed their higher viability after
rapid freezing. With the increase in ozone concentration
up to 0.8 mg/l the viability statistically and significantly
does not differ from the indices in the control. When
rising ozone concentration up to 0.64-0.8 mg/1 the fungi
viability was statistically and significantly lower than
in control samples. This result agrees with those notions
that ozone in high doses causes the suppression of
microorganism growth, moreover there is observed
synergism of two factors of damaging effect on micro-
organisms: factors of ozone high doses and that of
freeze-thawing. The stimulation effect of Candida
albicans fungi growth is noted namely under ozone
low doses.

Now it is possible to explain the mechanisms of
stimulating effect of ozone low doses on biological sys-
tems of different level of organization only at the level
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of hypotheses, since we do not have quite detailed
information about molecular mechanisms of ozone
effect on the components of living systems. For instan-
ce, the activation of enzyme systems with zone low
doses may play an important role thereat [8, 12, 13].

Conclusions

Stimulating effect of low ozone doses on Eshe-
richia coli and Candida albicans fungi was revealed
under normal physiological conditions and after freeze-
thawing. The found effect can have practical appli-
cation in cryobiology when developing the cryo-
preservation protocols for biological objects.
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