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IN VITRO EVALUATION OF ANTIMICROBIAL
AND BIOFILM INHIBITORY ACTIVITY OF SPIRULINA
PLATENSIS EXTRACTS

Abstract. Background. Overrecent decades, the incidence of microbialinfections has been increasing due fo a greater num-
ber ofimmunoccompromised people, as well as due fo resistant microorganisms involved within their efiology. The increasing re-
sisfance of microbial sfrains to antibiofics, along with the biofilm formation are major problems in the management of infections
caused by these organisms. Currently, an impressive number of anfimicrobial drugs have been obfained from natural sources.
.Some cyanobacteria species as Spirulina platensis, have the potential fo produce a large number of anfimicrobial substances
and are considered as suifable organisms for being exploited as anfimicrobial agents against pathogenic bacteria and fungi.
The purpose of this sfudy was fo determine the anfimicrobial and aniibiofilm aciivily of Spirulina plafensis exiracts. Material and
methods. Anfibacterial activities were determined through minimum inhibifory conceniration (MIC), minimum bactericidal/
fungicidal concentration (MBC/MFC), and fime-killing kinetics. Biofilm formation was defected by microftiter plate method. Sta-
tistical analysis involved a one-way analysis of variance. Resulfs. The current siudy proved the in vifro anfibacterial, anfifungal .
and anfibiofilm activity of Spirulina platensis exiracts (ES, ES-1 and ES-2). Time-kill assay showed that the exiracts had the sfrong
bactericidal and fungicidal properties against plankionic culiures. The study was aimed fo highlight the anfibiofilm potential
of S. platensis extracts. All the exfracts enabled to inhibit biofilm formaiion by over 80% af doses of 1xMIC. Conclusions. These
sfudly results proved that the tested cyanobacterium mighf be a good source for producing prormising anfimicrobial agenis
against resistant bacteria. Further comprehensive research is necessary on analysis of bioactive compounds with respect fo
antimicrobial activity that would assist in various applications of S. plafensis within medical pracfice.
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Infroduction known to produce intracellular and extracellular metabolites

Infectious diseases are a significant burden on public health -

and economiic stability of societies all over the world [1].
Antimicrobial resistance has been cited as the most sig-
nificant threat to the global health and global economy in re-
cent vears [2]. Bacterial antibiotic resistance is a global public
health crisis, thus in 2017, the World Health Organization
(WHO) created a list of microorganisms, which were priori-
tised for the development of alternative antimicrobials [3].
Currently, emergency action plans are required, including
global community support, in developing new antimicrobial
drugs [4]. Different strains of cyanobacteria and algae are

s~

with diverse biological activities such as antibacterial and an-
tifungal activities [5].

Spirulina platensis is a planktonic filamentous cyanobac-
terium, showing antimicrobial activity against many patho-
gens (bacteria and fungi). Spirulina has received much at-
tention from researchers due to its therapeutic importance in
terms of bioactive compounds that act as potential antimicro-
bial agents [6,7].

Bacterial biofilm is currently a public health issue, affect-
ing the population worldwide regardless of their level of de-
velopment.
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The concept of biofilms is defined as new paradigm in mi-
crobiology: 99% of the bacteria on Earth live in complex bac-
terial consortia, being attached to a variety of surfaces, thus
suggesting new research perspectives. The bacterial biofilm
formation hasbeen widely studied over the recent years. Most
current studies underline the importance of biofilms in both
the persistence and resistance to antimicrobials and the de-
fense mechanisms of the human body, thus arising concerns
among the clinicians [8,9].

A series of studies revealed scientific evidence on the
significance of biofilms in the occurrence and development
of infectious discases. The relevant data on their ecology
are crucial in providing strategies for prevention of biofilm
formation and / or in treatment of biofilm-related infec-
tions. )

The bacterial biofilm, involved in the occurrence of per-
sistent infections and the evolution of antimicrobial-resistant
microorganisms is particularly relevant issue nowadays. Mi-
crobial biofilms have been reported to display up to a 1000-
fold more increased resistance to antimicrobials than plank-
tonic cells, however the resistance mechanism is still unclear
[9,10]. -

Nevertheless, a solution to this problem was provided by
a series of studies, performed on the antibacterial and anti-
biofilm properties of several types of biological extracts. Re-
search studies on biologically active secondary metabolites
and their potential applications are far from being considered
new.

The benefits of natural products lie upon their develop-
ment and improvement over millions of years of evolutionary
pressure, thus becoming biologically strong now. The natu-
rally obtained substances exhibit a much higher and faster
biodegradation potential, compared to artificial ones, as well
as being more easily accepted on the market due to their eco-
friendly aspects.

These assumptions are based on microbial diversity and
their ability to adapt, therefore being able to degrade most
of the natural substances. Hundreds of extracts from various
plant species have been studied so far, aimed to observe their
effect on microorganisms, however a relatively few samples
have been sufficiently active or non-toxic to the human body.
Natural products have played an important role in strength-
ening health and preventing infectious diseases throughout
the humankind history.

Natural products are remarkable in many regards, par-
ticularly for their chemical structural diversity and biological
activity, compared to substances, which were synthetically
produced by the pharmaceutical industry and that rarely dis-
play a strong and biologically diverse activity [11].

Howeyver, further studies are needed on the action mecha-
nisms and toxicity of these compounds. The¥efore, research
studies should be oriented towards the promising results of
metabolites, synthesized by natural organisms such as cyano-
bacteria and microalgae, which are known for their complex
and highly diverse range of metabolites, showing a variety of
important biological fuhctions.

The purpose of this study was to evaluate the antibacterial
and antibiofilm activity of Spirulina platensis extracts against
different bacterial species.

‘Mqierials and methods

ES, ES-1 and ES-2 Spirulina exfracts :

The biologically active complex ES, ES-7 and ES—2 ex-
tracts were obtained via a biotechnological process from the cy-
anobacterial strain of Spirulina platensis CNMN CB-02, stored
within the National Collection of Non-Pathogenic Microor-
ganisms, at the Institute of Microbiology and Biotechnology.

Spirulina biomass was obtained from a cyanobacterial
growth culture and via a controlled synthesis of its biologi-~
cally active compounds. Biologically active complexes (free
amino acids and oligopeptides, proteins, sulfated polysac-
charides, phospholipids) were extracted from the spirulina
biomass, which were successively fractionated and purified by
using inmocuous solvents and techniques. Relevant formulas
were developed and standardized for complex compositions
of extracts, based on biologically active complexes derived
from spirnlina biomass. All extracts were natural ones (did not
contain herbicides, toxins or preservatives).

ES spirulina extract is an amino acid/oligopeptide com-
plex derived from spirulina, which contains non-essential
(glycine, alanine, serine, cysteine, tyrosine, aspartic acid, glu-

" tamic acid, and proline) and essential amino acids (arginine,

phenylalanine, histidine, isoleucine, leucine, lysine, threo-
nine, fryptophan, valine, being in their free state or combined
in oligopeptides (up to 10kDa), as well as biologically func-
tionalized macro- and microelements. I vifro tests were used
ES aqua-alcoholic solution, 10mg/mL (45% of ethanol).

ES -1 spirulina extract is a synergistic combination of
amino acid/oligopeptide complex, sulfated polysaccharides,
proteins, biologically functionalized macro - and microele-
ments derived from spirulina. Inn vitro tests were used ES-71
aqua-alcoholic solution, 20mg/mL, (40% of ethanol).

ES-2 spirulina extract is a synergistic combination of
amino acid / oligopeptide complex, phospholipids, sulfated
-polysaccharides, proteins, and biologically functionalized
macro- and microelements derived from spirulina. In vitro
tests were used ES-2 aqua-alcoholic solution, 20mg/ mL (40%
of ethanol).

Microbial strains
Microbial strains of Staphylococcus aureus ATCC 25923,

" Bacillus cereus ATCC 11778, Enterococcus faecium ATCC

700221, Enterococcus faecalis ATCC 29212, Escherichia coli
ATCC 25922, Pseudomonas aeruginosa ATCC 27853, Can-
dida albicans ATCC 10231, Candida krusei ATCC 6258 and
Cryptococcus neoformans CECT 1043 were used in the study.
The microbial strains were cultured on appropriate nutrient
media at the optimum growth temperature. Overnight culture
of the bacterial strains was used for further investigations.
Antimicrobial activity

Serial culture dilutions were used to determine the anti- -
bacterial activity of plant, which allowed the assessment of
the minimum inhibitory concentration (MIC) and the mini-
mum bactericidal/fungicidal concentration (MBC/MFC).
MIC and MBC/MFC were determined via a discontinuous
gradient of extract concentrations tested in Muller-Hinton
broth, followed by addition of 100puL of bacterial suspension
according to the 0.5 McFarland turbidity standard. The tubes
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were incubated at 35-37°C for 18-24 hours, and then the MIC
value was determined by a macroscopic analysis of the tubes,
depending on the presence or absence of bacterial growth.
MBC/MFC was determined by Muller-Hinton agar ditution
replicates. The MBC/MEC value displayed the lowest con-
centration of extract that reduced the number of microbial
colonies up t0 99.9% [12,13].

The negative control sample was the Muller-Hinton broth
with studied extracts, and the positive control sample was the
Muller-Hinton broth inoculated with studied microorgan-
isms. All experiments were repeated three times. -

Time-Kill Assay
Time-Kill Assay allows measuring the changes in the
" population of aerobic microorganisms over a definite time in
the presence of antimicrobial agents. Time-kill assay was car-
ried out on S. aureus, E. coli and C. albicans strains, based on
the aforementioned method with minor modifications [14]. A
saline suspension was prepared from an 18-24 hour microbial
culture, by finally obtaining an inoculum of 1x10° CFU/mL.
The obtained suspension was added equally into four tubes: I
tube (culture control sample) - Mueller Hinton broth; I1 tube
- Mueller Hinton broth + 0.5xCMI extract; III tube - Muel-
ler Hinton broth + 1xCMI extract; IV tube - Mueller Hinton
broth + 2xCMI extract. The tubes were incubated at 35°C for
24 hours. 100uL from each tube was replicated on the plate
medium at specific intervals. Afterwards, the plates were in-
cubated at 37°C for 24 hours and the CFU/plate was mea-
sured, followed by CFU/mL (the mean number of colonies
multiplied by dilution). The tests were performed in triplicate
(three independent experiments).

Time-Kill curves were graphically represented by log, C- .

FU mL! versus the 24-hour time period. Bactericidal activity
(99.9% of killing) was defined as a >3-log,,CFU mL" reduc-
tion in the number of colonies from the initial inoculum.

Biofilm formation inhibition

Bacterial biofilm inhibition was assessed on seven refer-
ence strains including S.aureus ATCC 25923, B. cereus ATCC
11778, E. faecalis ATCC 29212, P. aeruginosa ATCC 9023, E.
coli ATCC 25922, C. albicans ATCC 90028 and C. neoformans
CECT 1043, being determined via the modified microtiter
method [15]. The tested cultures were grown in trypticase soy
broth and adjusted to the 0.5 McFarland turbidity standard.
200pL of bacterial suspension was applied into the wells of a
96-well plate, then 100pL of extract with final concentrations
of 0.5xMIC, IxMIC and 2xMIC was added. Only 200uL
triptycase soy broth was added into the wells of the negative
control sample. The tests were performed in triplicate.

The plates were covered and incubated aerobically for 24
hours (fungi - 48 hours) at 37°C. Afterwards, the content of
each well was removed and washed three times with 250 pl
phosphate buffer to remove non-adherent cells. The plates
were air dried and then stained with 200 pl of 0.1% purple
crystal for 30 min. The dye was then removed and the excess
stain was rinsed with water. The plates were air dried at room
temperature and the dye, which was bound to the adher-
ent cells, was re-solubilized with 160uL of 33% glacial ace-
tic acid. The results were read using an ELISA plate reader,

whereas the optical density (OD) of each well was measured
at a wavelength of 570 nm (OD570 nm).

To determine the extract capacity of preventing biofilm
formation, the percentage of its inhibition was calculated us-
ing the following formula:

% of biofilm inhibition = [(OD (control) ~
- OD (test)/OD (control)] x 100,
where OD (control) - absorption of bacterial growth without.
extract; OD (test) - absorption of bacterial growth in the pres-
ence of extract.

Statistical analysis

Statistical analysis involved a one-way analysis of variance
(ANOVA). A value of P less than 0.05 was considered statisti-
cally significant.

Ethical Issues

The study was conducted and approved by the Eth-
ics Committee no. 65/12.04.2017 and no. 67/12.05.2017 of
Nicolae Testemitanu State University of Medicine and Phar-
macy of the Republic of Moldova.

Results and discussions

The infectious diseases caused by multidrug resistant
pathogens are extremely challenging the healthcare systems
worldwide. These disease-causing pathogens are character-
ized by an increased antimicrobial resistance and a marked
ability to suppress the host immune response [16], as well as
a high level of acquisition and dissemination of muitiple re-
sistance via horizontal gene transfer. In 80% of cases, micro-
bial biofilms are responsible for the total number of infections,
including endocarditis, periodontitis, osteomyelitis, chronic -
wounds, etc. [17,18]. Biofilm-related diseases are even more
wortying since there are current evidence-based studies ona
higher incidence rate of biofilm-mediated infections, espe-
cially due to an increased use of implantable medical devices,
catheters [19].

Cyanobacteria are a group of phg)tosynfhetic microor-
ganisms, which provide promising avenues for obtaining new
compounds with high biological activity [20]. Secondary me-
tabolites produced by cyanobacteria exhibit a wide range of
biological propeities, including antimicrobial activity [21].
Among cyanobacterial specics, Spirulina platensis is the most
widely studied strain by modern biotechnology worldwide,
since its compounds show a high biological value, which might
be used in nutraceuticals and cosmetics [22].

The development and implementation of new antimicrobi-
al remedies, exhibiting minimal side effects on the host organ-
ism is still a very current and promising issue, particularly when
identifying natural compounds with antimicrobial properties.

The antimicrobial effect of the biologically active com-
plex extracts derived from the cyanobacterium Spirulina pla-
tensis were determined in the first stage of our study viz. ES,
ES-1and ES-2.

The recent studies on spirulina extracts have reported that
the extraction solvents, as methanol and ethanol, show a wide
range of antibacterial and antifungal activity [23].

120

v

3nopoB'a cycninscTea / 3goposbe abuectsa / Health of Saciety /155N 2306-2436 (print), ISSN 2617-2593 (online)

Tom 9, N2 3, 2020



x

Meguuuna / Meguunsa / Medicine

All the S. platensis extracts exhibited a promising antimi-
crobial activity on both gram-positive and gram-negative mi-
croorganisms used in this present research. These study find-
ings were similar to data obtained by a number of researchers
[22, 24]. In this study, ES extract showed a higher antibac-
terial and antifungal activity compared to ES-7 and ES-2
extracts. The highest ES extract activity was recorded on B.
cereus strains (MIC 0.156 mg/mL) and C. neoformans (MIC
0.3125 mg/mL). The antimicrobial activity of £S-7and ES-2
extracts did not show any significant differences on the tested
microorganisms. The study registered a higher activity on B.
cereus strains (ES-1: MIC 2.5 mg/mL; ES-2: MIC 1.25mg/
ml), P. aeruginosa (MIC 1.25 mg/mL), C. albicans (MIC
1.25 mg/mL) and C. neoformans (MIC 0.625 mg/mL). ES
extract (containing the amino acid/oligopeptide complex de-
rived from spirulina) was the most active among those three
extracts, undergoing antimicrobial screening, thus further
investigations are recommended for in vivo infection models
testing [23, 25].

Similar results were obtained by Souza et al., WHO con-
firmed the antifungal properties of the methanolic . platensis
extract on A. flavus species, and the ethanolic .S. plafensis ex-
tract on the A. niger and C. albicans species [26, 27].

The methanolic S. platensis extract showed an antibacte-
rial ‘activity on S. aureus. E. coli, and P. aeruginosa bacterial
strains [23], whereas the ethanolic S. platensis extract exhib-
ited somewhat higher antibacterial activity on the following
bacterial strains as, .S. thyphi, S. flexneri, E. coli, S. aureus, P.
aeruginosa, and Klebsiella spp. [25].

Time—killing kinetics. The studies of time—killing kinet-
ics of ES, ES-1and ES-2 extracts on S. aureus, E. coli and
C. albicans strains have proved a 24-hour viability of control
sample growth in Mueller-Hinton broth without extracts.
Moreover, the studied bacterial strains, treated with ES, ES-1
and FES-2 extracts at concentrations of 0.5x, 1x and 2xMICs
showed a considerably reduced growth rate, confirming that
all extracts display bactericidal and fungicidal properties by
killing> 90% of microbial cells.

The bactericidal and fungicidal effect of the extracts was
faster (1 hour for S. aureus and E. coli strains and 2-4 hours
for C. albicans) at the concentration of 2xMIC for all tested
extracts compared to other MICs (0.5xMIC and IxMIC). ES
proved a higher activity on fungi of genus Candida, showing a
2-hour fungicidal effect at a concentration of 1xMIC and an
8-hour effect at a concentration of 0.5 MIC.

" ES-1 extract showed the highest activity on E. coli strains,
with a 3-hour bactericidal effect at IxXMIC compared to ES
and ES-2, which had a 10-hour bactericidal effect. S. aureus
strains were destroyed by all preparations over 10 hours, at a
concentration of IxMIC. 5

The bacterial biofilms involved in the occlitrence of per-
sistent infections and the evolution of multidrug-resistant an-
timicrobial microorganisms have generated a series of studies
regarding the antibiofilm mechanisms of action, as well as on
the development of new effective and low toxicity drugs.

Most research studies highlight the importance of anti-

microbial resistance of biofilm-producing microorganisms,
compared to planktonic ones, as well as the immunosuppres-
sive effects of the host organism due to a chronic infection

IS

110, 28]. Mature biofilms are much more difficult to eradicate
than prevent the early stages of bacterial attachment in bio-
film formation [29].

A previous study was conducted on the methanolic S. pla-
tensis extract, which was tested on clinically selected impor-
tant bacterial strains. The studied extract showed inhibitory
effects on the biofilm formation: 69% and 72% (P. aerugi-
nosa MTCC1934 and 2453), 62% (E. coli MTCC739), 84%
and 61% (S. aureus MTCC96 and 2940), 89% (C. violace-
um ATCC 12742), 49% (S. marsecens), 714% (A. hydrophila
MTCC1739), 88% (V. aiginolyticus ATCC17749) and 90%
(V. parahaemolyticus ATCC17802) [30].

Other researchers confirmed the anti-biofilm activity of
marine bacteria extracts, which showed 85% maximum po-
tential against Gram-positive and Gram-negative bacteria at
a concentration of 50 pg/mL [31].

Despite the great number of studies on the multiple po-
tential effects of S. platensis, its effect on microbial biofilms
has not fully been elucidated, becoming a matter of great
concern for modern medicine. The current study enabled
to highlight the anti-biofilm potential of S. platensis extracts
against both gram-positive and gram-negative microorgan-
isms. The three extracts of S. platensis exhibited a variety of
effects on biofilm growth.

All the extracts were able to inhibit the biofilm forma-
tion with more than 80% at doses of 1IxMIC. The studied
extracts inhibited the biofilm-producing capacity of the
strains in 100% of cases at doses of 2xMIC, showing a statisti-
caily significant difference between these two concentrations
(P<0.001).

The obtained results are relevant to a number of previous
studies regarding the anti-biofilm activity of 5. platensis ex- ~
tracts, both on gram-positive and gram-negative microorgan-
isms [30].

Conclusions

Spirulina platensis is a valuable, non-conventional, and
eco-friendly source, as well as one of the most exploited cya-
nobacteria for obtaining and exploiting the biologically active
compounds with high therapeutic potential.

The research studies regarding the action of polycompo-
nent Spirulina platensis extracts on the bacterial strains have
proved their iz vifro antimicrobial and anti-biofilm propertties,
thus being recommended for in vivo infection models testing.

The study has provided experimental-based evidence of
bacterial and fungal biofilm inhibition by the following Spi-
rulina platensis extracts: ES, ES-1and ES-2, thus suggesting
their efficacy in conirolling chronic and persistent infections
gcaused by these microorganisms.

The studied Spirulina platensis extracts represent com-
plexes of natural compounds, which have generated signifi-
cant and promising medical interest on their use for devel-
oping natural antibiotics against multidrug-resistant bacteria
and infectious diseases.

Contlicts of interests. Authors declare the absence of
any conflicts of interests and their own financial interest that
might be construed to influence the results or interpretation
of their manuscript. ' o
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OLEHKA IN VITRO AHTUMWUKPOBHOW U MHTUBUPYIOLLEEN BUOTAEHKY AKTUBHOCTW DKCTPAKTOB
SPIRULINA PLATENSIS

PestomMe. Awmyasvnocms. 3a nocneqmyue JeCATANETHS YacToTa
MUKPOGHBIX MH(EKIMIT YRETUIMWIACh U3-30 YBEIUUCHMS KONMWIe-
CTBa Mofie#l ¢ ocnabICHHBIM UMMYHUTETOM, a TakXe W3-32 pasBi-
THST YCTOMIMBOCTH Y MUKPOOPTAHU3MOB, BOBJICYEHHEIX B MIX STHO-
normo. [ToBEIIEHIE YCTONUMBOCTH MUKPOGHEIX MITAMMOB K AHTH-
6roTHKaM, HapsAxy ¢ 06pa3oBaHieM GUOIUICHOK, SBISIOTCS CEPhe3-
HEBIME TIpobeMamMu B 6opbbe ¢ MHGEKISIME, BEISHBASMBIMY STH~
MU opraausMamMu. B HacTosimee BpeMsI U3 NIPUPOFHEIX HCTOTHIKOB
TOTYyIeHO BHYIIWTEJIFHOE KOMMYECTBO IIPOTHBOMUKPOGHEIX IIPe-
niapatoB. HekoTophle BUABL IIMaHOGAaKTepyii, Takue Kak Spirulina
platensis, MOTYT TIPOAYITPOBAThH GONBIIOE KOTAIESCTBO AHTHME-
KPOOHEIX BEILIECTB W CIWTAIOTCS HOMXOMSIUMA OPTaHU3MaMU JULST

" ACTIONIB30BaHUS B Ka4eCTBE HpOTI/IBOMI/IKpO6HbD( dr€HTOB HMPOTHUB

MATOTeHHEIX 0aKkTepui u rpuGoB. [{easro 5Toro0 BCc)ienOBaHus GBLITO
ONpeiellcHre aHTAMUKPOOHOH 1 aHTHOMOIDIEHOYHOM aKTHBHOCTI
akcTpaktoB Spirulina platensis. Mamepuaav: u memodsr. AuTn-
GaKTEPUAILHYI0 AKTUBHOCTD OHEHUBAIIYA C IIOMOIIBIO OIIPEIESICHMST
MUHWMANGHOW WHrubvpyomed xounenTpaimu (MUK), vmam-
ManbBHOW GaxTeprnyaHol/ dyarummnHoi korneHrpanur (MBK/
M®K), a takxe time-kill kinetics TectoB. O6pazopanye GUOILIEHOK

OTIPENeIsIYT MeTOJOM MMKPOTHTPalIMOHHOTO Iuianuiera. Cratu-
CTUYECKUI aHaU3 BKIIOYAA OFHOCTOPOHHMH AWMCIEPCUOHHEIN
aHamms. Pesyavmampt. Hacrosnnee uccienoBaHue KOKA3aI0 aHTH-
OaKTepUaibHyI0, MPOTABOTPUOKOBYIO M aHTUOHOIDICHOUHYIO aK-
THBHOCTB 3KCTpakToB Spirulina platensis (ES, ES-1m ES-2) in vitro.
Time-kill amamu3 OKA3aJi, YTO SKCTPAKTH 00NANAIOT CYILHBIMHA
GaKTepHITAIHEMA W (OYHTUIMIHBIMI CBOMCTBAMU TPOTUB IUIAH-
KTOHHEBIX KyJIETYD. ViccnemoBanue OBUTO HallpaBICHO Ha BEISIBJIEHHE
aHTHOMOILIEHOYHOT 0 OTEHIHAIa SKCTPAKTOB S. platensis. Bee sxc-
TPaKTHI IT03BONIK TOIABATE 006pazoBanuye GUOIUIEHOK Golee geM
Ha 80 % B mozax IXMUK. Bbi6o0st. Pe3yisraTel 5TUX UCCHEI0BAHMI
JIOKA3aJH, ITO UCTIEITAHHEIC ITUaH00aKTEpHH MOTYT OBITh XOPOILIIM
MCTOYHUKOM IS TIONYISHUS MHOTOO0EIHAIOIIIX aHTUMUKPOOHBIX
CPEJICTB IPOTHB YCTOMUMBEIX OakTepmit. HeoOxomumer JanbHeHITe
BCECTOPOHHWE KCCICHOBAHMS STHX OMOJIOTMYECKI aKTHBHEBIX CO-
€IVHCHMH B OTHOIIECHUHA UX IIPOTHBOMUKPOOHON aKTUBHOCTH, KO-
TOPBIE MOTYT ITOMOYb OHPEACIUTE PAsIAIHEE BOSMOXHOCTH IIPH-
Menerus S. platensis B MEAMITMHCKOM IPAKTHKE.

KinoueBsie ¢i10Ba: Spirulina platensis; SKCTpaKTer; AHTHMUAKPOO-
Hag aKTUBHOCTD; aHTUOMOIUICHOYHAS aKTUBHOCTD |
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OLUIHKA IN VITRO AHTUMIKPOBHOI TA IHFBYHOYOI BIOMNAIBKY AKTUBHOCTI EKCTPAKTIB
SPIRULINA PLATENSIS

Pestome. Axmyasvricns. 3a 0CTaHH] feCATIITTA YaCTOTA MiKpO-
Onux indexmiil 30iNEITIIACS Jepes 30UIBIIEHHI KUThKOCTI JFoIei 3
ocabIeHNM IMyHITETOM, a TAKOX Yepe3 PO3BKTOK CTITKOCTI B Mi-

 KpJOpraHi3MiB, 3aIy4eHNX B iX etionorio. [ligBuIneHHS CTilKOCTI

MIiKpOOHIX TITaMiB 10 aHTUOIOTHKIB, TIOPS, 3 YTBOPEHHIM Oi0TIIi-
BOK, € CepiiosHIMM IIpodiaeMaMy ¥ 60poTh0i 3 IHMEKITISIMY, COpH-
YMHEHWMH [{MMU OpTaHi3MaMy. Y HAHWIf 9ac 3 IPUPORHNX JKepell
OTPUMAHO 3HAYHY KUIBKICTh TPOTUMIKpOCHUX npenaparis. Hesxi
BUIH IliaHobakTepilt, Taki gk Spirulina platensis,"MOXyTb TTpoIy-
XyBaTU BEIHKY KUIBKICTh aHTHMIKPOOHUX PEJOBUH 1 BBAXAIOTHCS
TIPUIATHAMY OPTaHi3MaMU JJISI BUKOPHUCTAHHS B SKOCTi TTPOTHMi-
KpOGHHUX areHTiB NMPOTH HATOTeHHMX GaxTepiil i rpubis. Memoro
IBOTO HOCHIKEHHST 0YJi0 BU3HAYCHHS afTUMIKpOOHOI Ta aHTHOi-
OITIBKOBOI aKTUBHOCTI eKCTpakTiB Spirulina platensis. Mamepiaau
ma memodn. AHTROaKTepiaIbHy aKTHBHICTH OIIHIOBAJIA 34 JIOI0-
MOI'OI0 BU3HAYCHHS MiHIMATBHOI iHTi0yI0901 KoreHTpanii (MIK),
MimiManeHOl GakTepuimaHo/byHrimuaaol KoHreHTpanii (MBK/
MOK), a rakox time-kill kinetics Tectin. Yrsopentsi GioILTiBOK Bu-

N

3HAYAIM METOIOM MIKpOTHTpalliitHoro mianmniera. CTaTAcTHIHTit
aHaJIi3 BKITI0OYaB OMHOCTOPOHHIM aucniepcitiauii ananis. Pezyaoma-
mu. Ile gocmKeHHs HOBENIO aHTUOAKTEpiallbHy, IPOTUTPUOKOBY
i aHTHGIOIUTIBKOBY aKTHBHICTE eKCTpakTiB Spirulina platensis (ES,
ES-1 i ES-2) in vitro. Time-kill ananiz moxasag, 10 eKCTpakTH
MArOTh CHIBHI OakTepuImmHi Ta QYHTIWIHI BIACTUBOCTI WPOTH
JUTAHKTOHHUX KYJBTYp. JochimkenHs Gyyno crpsMoBaHe Ha BU-
SBIICHHS AHTUOIOILUTIBKOBOTO HOTEHIIANTy eKCcTpakTiB S. platensis.
Yei excTpakTH HO3BOMMIMA TIPWIYIIUTU YTBOPEHHS OIiOIIIBOK
6imenr nix Ha 80 % vy mosax 1IxMIK. Bucroexu. Pesynsratul mux
JIOCTCKEHB JIOBEJH, IHO BUIIPOOYBaHi WiaHoOakTepil MOXYTh OYyTH
XOPOIIM JIXEPEJIOM JUIsi OTPUMAHHS 6araTooOilaio s aHTHMi-
KpoOHIX 3ac06iB MpoTH cTitikmx Gakrepiii. HeobximHi momansmri
BCeOITHI JOCIiMXEHHs X 0i0JI0TITHO AKTUBHUX CITOJIYK HIOAO iX
HPOTUMIKPOGHOI AKTUBHOCTI, SIKi MOXYTH JOTIOMOITHA BU3HAUWTH
DPi3HI MOXJIMBOCTI 3aCTOCYBaHHS S. platensis y MeHIaHil MPaKTALII.
Kimodosi cjioBa: Spirnlina platensis; excTpaxTi; aHTUMIKpOOHa
AKTMBHICTDH; AHTUOIOIDTIBKOBA aKTHBHICTE :

Tom 9, Ne 3, 2020

http://health-society.zaslavsky.com.ua 123


http://health-society.zaslavsky.com.ua



