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IN VIVO EVALUATION OF SAFETY AND TOXICITY OF CELL-F REE EXTRACTS
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Evaluation of the toxicity and safety of cell-freextracts, containing biologically active derivasveof
Bifidobacterium bifidum and Lactobacillus reutenias based on observations of animal behavior,cainhanifestations of
toxicity, data of body mass dynamics and lethalityvas shown that all investigated cell-free egtsaare non-toxic and are
suitable for long-term use if they contain derivas in a dose corresponding to the daily therapelatse of cellular probiotics.
The introduction to mice of extracts containingidatives of probiotics in a dose ten times excegdhle maximum daily
human, led to a significant decrease in the massigdex. The same effect had intraperitoneal apkated introductions of
extracts, especially obtained from bifidobacteNane of the tested samples exerted a local irrigdiieict upon intradermal
administration.

Key words: toxicity, cell-free extracts, probiotics derivagiBifidobacterium bifidum, Lactobacillus reuteri.

The work is a fragment of the research projéd¥icrobiological characteristic of new structural dnmetabolic
complexes of lacto- and bifido- probioti¢cstate registration No. 0119U100686.

Probiotics are “live microorganisms which when adisiiered in adequate amounts confer a
health benefit on the host” [8]. Despite the fdwttprobiotics are the most recognized biocorrector
of biocenoses, the effectiveness of probioticsarrecting microecological disorders is not always
sufficient. Insufficient therapeutic efficacy ofadsical probiotics containing live microorganisrms i
due to low survival of probiotic bacteria in thesgraintestinal tract of patients [13]. In addition,
cellular probiotics can cause undesirable sidecedf§l5]. It is known that the beneficial effects o
probiotics are due to their biologically active mletlites and structural components. Therefore, the
development of medicines based on derivatives @biptics is considered promising. Current
industrial strains should be starting strains intsgituation [15]. The most widely used probiotics
the majority of countries include lactic acid bate(LAB) from the genera Lactobacillus and
Bifdobacteria[l, 11]. All industrial probiotic strains have status GRASeferally regarded as safe)
[5]. This means that neither whole probiotic baetarsed in an adequate dosage, nor the natural
metabolites produced by them, have a toxic effacth@ human body. However, there is no evidence
that biotechnology-derived product: disintegratepodbiotic bacteria and metabolites obtained by
changing cultivation conditions are also non-toxicis known that the morphological, biochemical
properties of bacteria and the nature of their imgliam, and hence the composition of the metabmlite
they produce, depend on the environment and camditof cultivation. We have developed a new
method for obtaining biologically active derivatsrzeof probiotic bacteria. It allows combining
disjointed procedures for obtaining structural comgnts of bacterial cells and their metabolitea in
two-stage process. The method involves the culowadf probiotics in their own disintegrates withou
the use of traditional nutrient media [2]. The d@atives thus obtained can be used in the developmen
of new metabiotics. Therefore, there is a needJenification of the harmlessness of probiotic
derivatives obtained by the above-mentioned method.

An important stage of preclinical new drug devel@nmis the study of their safety and toxicity.
Currently, preclinical safety assessment is caroiedprimarily in studies using laboratory animaisd
in other laboratory tests before the administratmmormal human subjects [10]. In accordance with
enacted in many countries legislations experimanmtslaboratory animals should be planned and
performed taking into account the principles of JRgplacement, Reduction and Refinement). This
implies avoiding the use of animals or replacingnihby other test systems, minimization the numlber o
animals used per experiment, minimizing the sufigief animals and improving their welfare [12]. The
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current in vitro and in vivo toxicology and relategsearch for the preclinical program include thelg

of safety pharmacology; acute toxicity; subacutewvchronic toxicity; chronic toxicity; genotoxigijt
carcinogenicity; developmental and reproductivediy; studies in juvenile animals [10]. Conventan
approaches to assessing the toxicity of pharmaastmay not be appropriate for biopharmaceuticals.
The latter have unique and diverse structural amological properties: species specificity,
immunogenicity and unpredicted pleiotropic activitfFor biotechnology-derived products, the
preclinical safety studies should be performed escdbed in ICH S6 (Guidance for industry S6 —
Preclinical safety evaluation of biotechnology-g#ed pharmaceuticals) and S6 Addendum to Preclinical
Safety Evaluation of Biotechnology-Derived Pharmammls [3, 6]. These guides provide the basic
framework for a preclinical safety assessment opbarmaceuticals derived from characterized cells,
using various expression systems, including baxteyeast, insect, plant and mammalian cells.
Preclinical safety evaluation of biotechnology-eted products, in addition to studying safety
pharmacology, exposure assessment, single and teepedose toxicity studies, genotoxicity,
carcinogenicity, reproductive performance and dgwelental toxicity, includes immunotoxicity and
local tolerance studies. Biopharmaceuticals, stmadly and pharmacologically similar to those
commonly used in clinical practice, may need ledsresive toxicity testing. A flexible approach skibu
be used in each case to determine the safety stafiidotechnology products. For example, the domat

of repeated introductions may vary depending onpidwicular biotechnological product and clinical
indications [3]. Definition of LI for biotechnology-derived products is usually iragitble due to their
low toxicity. Therefore, carrying out of this test inexpedient [4]. Regulatory standards for
biotechnology-derived pharmaceuticals are genersiltyilar in the European Union, Japan, United
States, Ukraine and Russia [3, 4].

The purposeof the study was to evaluate the safety and tiyxdafi cell-free extracts containing
derivatives of Bifidobacterium bifidum and Lactoblars reuteri obtained by disintegration of prolest
and subsequent cultivation of them in their ownndégrates.

Materials and methods.Safety and toxicity of four experimental specimaras studied in this
work. Two types of specimens were obtained fronratiial cells of the industrial strain Bifidobaciami
bifidum Nel (probiotic «Bifidumbacterinum-Biopharma», PC Bioha, Ukraine). One of them contained
structural components of bifidobacteria, obtaingghysical method of disintegration — multiple fzewy-
thawing of the microbial mass of the probiotic (Bpd the second specimen contained structural
components and metabolic products, obtained bivatiltg of probiotic on its own disintegrates (B§2].

Two other types of experimental specimens (L and Mere obtained similarly from microbial cells of
the industrial strain Lactobacillus reuteri DSM B89(probiotic «BioGaia», BioGaia AB, Sweden).
Disintegrates and cultures grown in disintegratesewcentrifuged at 1100 g for 15 minutes to remove
whole cells and cellular debris. Then the supematas passed through sterile membrane filters aith
pore diameter of 0,2m (Vladipor, Russia).

Experiments with the use of laboratory animals weeied out in accordance with the Law of
Ukraine “On Protection of Animals from Cruel Tream” (Ne. 3447-1V of February 21, 2006),
following the requirements of the Bioethics Comemstf the Institute, agreed with the provisionghef
“European Convention for the Protection of Vertébranimals Used for Experimental and Other
Scientific Purposes” (Strasbourg, 1986). Animalgimed in experiments, received a standard diet and
were kept under the conditions of vivarium, est&i®id by regulatory documents. In total, 810 outbred
white mice and 25 albino guinea pigs of both gesdiére same mass (+ 10%) and age were used in the
experiments. They were healthy, quarantined fod4@ays, were not previously used in experiments.
The route, frequency, duration of introduction aludes of test specimens were selected in accordance
with the guidelines for assessing the safety amétity of drugs and biotechnology-derived products
and taking into account the generally accepted si@s®l methods of administration for probiotic
products in medical practice [1, 3, 4, 6]. The wvoof the introduced experimental samples did not
exceed the permissible values for mice [1]. Allds¢és were accompanied by controls — groups of intac
animals with similar physical parameters.

Single dose toxicity study (acute toxicit§ B0 outbred white mice weighing 15+1,5g were
involved in the experiment. Animals were not fed 12 hours before testing. Mice were weighed to
determine the initial group weight immediately brefthe introduction of the test specimens. Eachigro
consisted of 10 mice. The test samples were adtareid to mice in two doses. The first dose conthine
derivatives of such a number of cellular probigtiegiich is a daily therapeutic mouse dose (TD).
Calculation of the daily dose of probiotics for rauails was made based on the values of the maximum
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daily human dose according to the formula [1]. $Beond dose contained derivatives of such a number
of cellular probiotics, which exceeded the maximdaily human dose tenfold (MaxD). Thus, the
principle of using high doses, which provides tlezassary margin for the reliability of toxicology
assessment, was observed [4]. The tested specimanslume of 0,5 ml were introduced orally thrbug

a metal atraumatic probe, slowly immersing it inlee stomach of each mouse or were injected
intraperitoneally. Control group of mice receivephgysiological solution of sodium chloride in threse
way and volume. Animals were fed not earlier th&erad hours after oral administration of the test
samples. Access to water was free. The evaluafigheotoxic effect of the test sample was based on
observations of animal behavior, clinical maniféstas of toxicity and lethality within 7 days of
introduction of the test specimens. At the enched term, the group weight of experimental and caint
mice was determined.

Repeated dose toxicity stugdgs carried out on 90 outbred white mice weighifg115g, which
were formed into groups of 10 animals. Test samplagained probiotic derivatives in two doses,
corresponding to the doses of cellular probiottbe: daily therapeutic mouse dose (TD) and dose 10
times exceeding the daily maximum for human (MaxDerivative-containing filtrates were
administered to mice intragastrically in a volunfedd ml daily for two weeks. The control group of
mice received orally 0.5 ml of physiological salisedium chloride over a specified period. The
evaluation of the toxicity of the test samples wased on observations of animal behavior, clinical
manifestations of toxicity, lethality and data afdy mass dynamics within 14 days of introduction of
test specimens. Results of the single and repeadted toxicity study are presented as weight gain
indexes (WGI), calculated by the formula: WGI = (FWW) + IW x 100%, where FW — final group
weight of mice; IW — initial group weight of mice.

Local tolerance studywas performed using the technique for detecting dbeemonecrotic
properties of probiotic strains [1]. For this puspalbino guinea pigs weighing 350£32 g were u$hd.
skin at the place of introduction of the test saawphs previously freed from the wool and treateith wD°
alcohol. Undiluted and diluted 1:10 and 1:100 estsacontaining probiotic derivatives and physiatady
saline sodium chloride were injected intradermailya volume of 0.2 ml. The results were taken into
account after 30 minutes, 4 hours and then dail3{é days.

All experiments were performed three times. Obtidata was processed using the standard
Microsoft Excel 2010 software package. The averagklies (M), standard deviations (SD) were
determined. The probability of differences (p) betw groups was calculated on the basis of the Mann-
Whitney U test. Differences were considered siatily significant at p <0.05.

Results of the study and their discussionA single administration of all four types of
derivative-containing test specimens in both dogiés the use of both methods of introduction did no
lead to the death of mice. Symptoms of acute icttidn were absent. Throughout the observation
period, the animals were active, with normal apaeee, behavior and coordination of movements. Loss
of appetite and violation of other physiologicahftions were not observed. Experimental animals did
not differ from the control ones. Analysis of tlesults of the single dose toxicity showed diffeesnn
the dynamics of changes in animal's body weightdifferent experimental groups compared with
control. There was no statistically significantfdience between the increase in body weight of the
experimental and control animal groups after alsinmgtragastric introduction of all test samplesaat
dose that corresponds to a daily dose of cellulabiptics for mice (TD) (fig. 1). A single intraga
introduction of samples containing derivatives aftbbacilli at the MaxD did not have a significant
effect on the increase in body weight of experiraeahimals compared to the control. However, after
the introduction of test samples containing denrest of bifidobacteria at the MaxD the final graugpdy
weight of the animals was significantly smallerrtiihe control values. While the group weight ofttoh
animals increased by 10+0.9% during the monitogagod, the group weight of experimental animals,
receiving extracts contained bifidobacterial detiwes, increased by only 3.7+0.78% (B) and
3.15+0.86% (MB).

There was no statistically significant differencetieen the increase in body weight of the
experimental and control animal groups after alsimgraperitoneal injection of test samples canteg
derivatives of lactobacilli and bifidobacteria atdase that corresponds to the daily dose of cellula
probiotics (TD) for mice (fig. 2). The final grouwpeights of experimental animals receiving single
intraperitoneal injections of filtrates, containirdgrivatives of both probiotics at the MaxD, were
significantly lower than those of the control grodjhis is evidenced by calculated weight gain iredex
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(WGI) for the control and experimental groups oihaals: 7+0.5% (C); 2.5+0.39% (L); 2+0.47% (ML); -

2.9+2% (B); -3.3+1% (MB).
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Fig. 1. — WGI after a single intragastric introdantof cell-free
extracts containing probiotics’ derivatives at TBdaMaxD to mice
(acute toxicity study). Notes: groups of animalsmadstered:
C — physiological saline sodium chloride; L — #ite of L. reuteri
disintegrate; LM — filtrate of L. reuteri culturerayn in its own
disintegrate; B — filtrate of B. bifidum disintegea BM — filtrate

Fig. 2. — WGI after a single intraperitoneal injentof cell-free
extracts containing probiotics’ derivatives at TBdaMaxD to mice
(acute toxicity study). Notes: groups of animalsmadstered:
C — physiological saline sodium chloride; L — fileaof L. reuteri
disintegrate; LM — filtrate of L. reuteri culturergyvn in its own
disintegrate; B — filtrate of B. bifidum disintegea BM — filtrate of

of B. bifidum culture grown in its own disintegrate- the differences

B. bifidum culture grown in its own disintegrate*the differences
are significant compared to the control group (C3ramals (p<0.05).

are significant compared to the control group (Carimals (p<0.05).

Daily intragastral administration of cell-free extts containing probiotic’s derivatives in both
doses for two weeks did not cause death of micendtrnced symptoms of intoxication were absent.
Animals that received lactobacilli derivatives ati@se corresponding to a daily therapeutic dose of
cellular probiotic for mice had the same dynamitdady weight gain as the animals in the control
group (fig. 3). Repeated introduction of cell-fregtracts containing lactobacilli derivatives at the
maximum dose resulted in a significant reductionvefght gain index. The introduction of filtrate of
L. reuteri disintegrate was accompanied by an imeedn the body weight of the animals for four days
(WGI on the fourth day was 4.96+0.24%). From tHéhfday the animals not only stopped gaining
weight, but there was also a slight decrease irbtity weight of the animals. At the fourteenth day
WGI was 0.6£0.2%. The animals receiving ML filtratglowly gained weight for 7 days (WGI on the
seventh day was 3.71+1.96%). and then they stogpatdng weight and over the next seven days the
body weight of the mice gradually returned to théial values. On the fourteenth day WGI was
0.48+0.2%.

Comparison of the dynamics of the increase in thdyhbweight of the control and experimental
groups of mice, receiving the cell-free extractataming B. bifidum derivatives at the therapeutase
(TD), showed no significant differences (fig. 4)epeated administration of filtrates containing
bifidobacterial derivatives at the MaxD was accomed first by a significant retardation of growtnd
then, from the third day, by a gradual decreagbenveight of the experimental animals comparetthé¢o
baseline values. After two weeks of oral adminigirg the WGI of the animals receiving the celldre
extracts containing the B. bifidum derivatives wei@14+0.39% (B) and -6.12+0.02%1B), while the
WGI of the control group of animals was 20£3% (C).
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Fig. 3. — Dynamics of changes of the WGI duringréqgeated Fig. 4. — Dynamics of changes of the WGI during riygeated

dose toxicity study of cell-free extracts contafin. reuteri
derivatives at TD and MaxD. Notes: groups of angraministered:
C — physiological saline sodium chloride; L — fite of L. reuteri
disintegrate; LM - filtrate of L. reuteri culturerayvn in its own
disintegrate; * — the differences are significfot MaxD) compared
to the control group (C) of animals (p<0.05).

dose toxicity study of cell-free extracts contagimB. bifidum
derivatives at TD and MaxD. Notes: groups of angradministered:
C - physiological saline sodium chloride; B — &itie of B. bifidum
disintegrate; BM — filtrate of B. bifidum culturer@wn in its own
disintegrate; * — the differences are significaot (MaxD) compared
to the control group (C) of animals (p<0.05).

240



ISSN 2079-8334C¢im meouyunu ma odionozii. 2019.N 4 (70)

After intradermal injections to albino guinea pigfsdiluted and undiluted cell-free extracts (0.2
ml) containing derivatives of both probiotics, syimps of inflammation and skin necrosis were not
observed. This indicates that there is no locahint effect of the test samples.

The results of this study are partially consisteith the data obtained by other researchers in
studying the safety and toxicity of probiotic detives invivo. Toxicity of lyophilized probiotic extract
and new biodegradable nanoparticles obtained fratalolic cell-free supernatant of L. casei ATCC
39392 was investigated by Saadatzadeh et al. Nalsignificant toxicity or unexpected side effeots
unusual effects were observed in animals. In vivological screening was shown that kefiran
polysaccharide produced by kefiranofaciens did not induce any developmentaicity in zebrafish
embryos, at sub lethal concentrations [7]. Localliaption of B. longumlysate showed not only the
absence of local irritating effect, but also a gigant decrease in sensitivity and increased siéistance
to physical and chemical aggression [9].

2

1. The obtained results of single and repeated tinseity study show the absence of any toxic
effect of the investigated cell-free extracts, eimitgB. bifidum and L. reuterderivatives at a dose that
corresponds to the daily therapeutic dose of allpfobiotics and indicate the possibility of thieing-
term use.

2. Significant decrease of the weight gain indeé&raidministration of cell-free extracts containing
probiotic derivatives at a dose, exceeding theagheutic one by several orders of magnitude, indictitat
the probiotics’ derivatives are not absolutely said require strict dosing.

3. Intraperitoneal introduction causes a more puaged decrease of the weight gain index than
intragastral administration of the cell-free extsaat the same dose.

4. At the same methods of administration and doselfree extracts containing B. bifidum
derivatives cause a more pronounced decrease ofdight gain index than cell-free extracts, contain
L. reuteri derivatives.

5. Daily administration of cell-free extracts leadsa more significant decrease of the weight gain
index than a single administration at the same,d@isieh confirms the presence of the accumulatféece
associated with repeated administrations.

Prospects of further studieghe data obtained in the work will be used in gh@nning and implementation of further
studies on the development of new metabiotics basBdbifidum and L. reuteri derivatives
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IN VIVO OLIHKA BE3ITEKH I TOKCHYHOCTI
JEPUBATIB BIFIDOBACTERIUM BIFIDUM
I LACTOBACILLUS REUTERI
Kuanm O.B., Icaenko O.1O., baouu €. M., Pumma O.B.,
IToropisia M.C., banak A K.

OmiHKa TOKCHYHOCTI Ta Oe3MeKkH Oe3KITITHHHUX
EKCTPaKTiB, HIO0 MICTATh OIOJIOTIYHO AaKTWUBHI JAEPUBATH
Bifidobacterium  bifidum 1 Lactobacillus reuteri,
TPYHTYyBaJacsl Ha CIIOCTEPEKEHHAX 3a NOBEIHKOIO TBapHH,
KIJIIHIYHUMH MPOSBAMH TOKCHYHOCTI, JaHUX TUHAMIKHA MacH
Tima i JeTaJbHOCTi. Byno mokazaHo, 1m0 BCi MOCHTiDKEHI
OC3KJIITUHHI ©KCTPAKTH HETOKCHYHI 1 NPHIATHI IS
TPHBAJIOrO 3aCTOCYBAaHHS, SKILO BOHU MICTATH JCPHUBATH B
031, IO BiOMOBiZae HOOOBIM TepameBTHYHIA 1031
KIITHHHUX TPHOYTKiB. BBeJeHHS MUIIAM €KCTPaKTiB, IO
MICTATb IepHUBaTH NpHUOYTKIB B 11031, IO JECATHKPATHO
[EPEBHIIYyE  MaKCHMajbHy  A000By Ui  JIFOJWHH,
MPU3BOAMIIO JI0 3HAYHOTO 3HWKEHHS IHIEKCY IPUPOCTY
macu. Takuii ke eeKT CHpaBisiIo BHYTpIIIHbOYEPEBHE i
MOBTOPHE BBEJICHHS EKCTPAaKTiB, OCOOJIMBO OTPHMaHHX 3
6idinobaxrepiit. XKoneH 3 mocmimKeHUX 3pa3KiB HE YMHHB
MICIIeBOT IpaTiBHOI [ii 32 BHYTPIITHBOIIKIPHOTO BBEICHHS.

KnaoyoBi  cjoBa:  TOKCHYHICTB, OE3KIITHHHI
eKcTpakTH, AepuBaty npubyTkis, Bifidobacterium bifidum,
Lactobacillus reuteri.

Crarrs Hagiiinoia 12.02.201%.

IN VIVO OIEHKA BE3OITACHOCTH U
TOKCUYHOCTU JEPUBATOB IFIDOBACTERIUM
BIFIDUM H LACTOBACILLUS REUTERI

Kupim O.B., Ucaenko O.10., baouu E.M., Peimma E.B.,
IMoropenas M.C., baaak A K.

OlleHKa TOKCHYHOCTH M 0€30IacHOCTH OeCKIETOYHBIX
9KCTPAKTOB, CONEPIKAIIUX OHOIOTMYECKH aKTHBHBIC NIEPUBATHI
Bifidobacterium bifiduna Lactobacillus reutetiocaossiBanacs Ha
HAOJIIONICHUSIX 3@ TIOBEJICHHEM JKHBOTHBIX, KIMHUYECCKUMHU
MPOSIBJICHUSIMH TOKCUYHOCTH, JTAHHBIX JUHAMHKHA MAcChl Tela U
JIETAJBHOCTH. DBBIJIO  1MOKa3aHoO, 4YTO BCE HCCIIEIOBAaHHbBIE
OECKJICTOYHbIE JKCTPAaKThl HETOKCHMYHBI M TPUTOTHBI JUIA
JUTITENILHOTO IPUMEHEHUS, €CIIU OHU COJEpIKaT JepUBaThl B 103€,
COOTBETCTBYIOILIEH CYTOYHOM TepaneBTUUECKON 103€ KIETOYHBIX
npoOHOTHKOB. BBemeHHe MBIIAM 3KCTPAKTOB, COMACPIKAIINX
JIEpUBATHl MPOOHOTUKOB B J103€, ACCSATUKPATHO MPEBBINIAOIICH
MaKCHMAaJBHYI0 CYTOYHYIO IS YeJOBeKa, IPHBOIIIO K
3HAYUTEIILHOMY CHIDKCHHUIO MHJICKCa IPUPOCTa Macchl. Takoi ke
3¢ (eKT 0Ka3hIBAIO BHYTPUOPIOIIMHHOE M MMOBTOPHOE BBEICHUC
9KCTPAKTOB, OCOOCHHO MOJIy4eHHbIX u3 Oudumodaxrepuit. Hu
OOVH U3 MHCCIENOBAHHBIX OOpPA3lOB HE OKa3blBal MECTHOTO
Pa3Ipakaromero IeUCTBUS PU BHYTPUKOKHOM BBEIICHUH.

KiuioueBble cjI0Ba.  TOKCHYHOCTH, OCCKICTOYHEIC
9KCTPAKTHI, JepuBaThl nmpobuorukos, Bifidobacterium bifidum,
Lactobacillus reuteri.

Penensent €pomenko I'.A.
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