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naSromis zogadi daxasiaTeba 

 

Temis aqtualoba. paTogenuri baqteriebis axali Stamebi, 

romlebic mdgradia praqtikulad yvela antimikrobuli agentis 

mimarT, Tanamedrove medicinis erT-erTi yvelze problematuri 

sakiTxia. SiSi imisa, rom kacobrioba ubrundeba “preantibiotikur 

eras”, realuria da alternatiuli infeqciis sawinaaRmdego 

saSualebebis mokvleva da ganviTareba Tanamedrove farmaciisa 

da bioteqnologiisaTvis erT-erTi yvelaze mniSvnelovani 

gamowvevaa. antibiotikebis aRmoCenamde da maT farTo gavrce-

lebamde iTvleboda, rom SesaZlebelia infeqciuri daavadebebis 

prevencia da mkurnaloba baqteriofagebiT. baqteriofagebi 

mimzidveli Terapiuli agentebia Semdeg garemoebaTa Ggamo: 

1. isini xasiaTdeba maRali specifikurobiT da efeqturobiT 

samizne paTogenuri baqteriebis mimarT; 

2. maTma xangrZlivma klinikurma gamoyenebam yofil sabWoTa 

kavSirsa da aRmosavleT evropis qveynebSi, aseve komerciulma 

gayidvebma aSS-Si 1940-an wlebSi, daadastura baqteriofagebis 

sruli usafrTxooba; 

3. axali baqteriuli Stamebis gaCenis SemTxvevaSi fagebi 

swrafad modificirdeba da ibrunebs baqtericidul aqtivobas. 

baqteriofagebi farTod aris bunebaSi gavrcelebuli; isini 

dedamiwis bunebrivi binadarni arian. literaturuli monacemebis 

mixedviT, baqteriofagebi infeqciebis (epidemiebis) bunebrivi 

makontrolebelni arian. baqteriebis populaciis gadaWarbebul 

matebasTan erTad iwyeba maTi amoqmedeba da infeqciuri agentebis 

SezRudva. baqteriofagebi aris yvelgan, sadac maTi sakvebi 

baqteriebia. baqteriebis populaciis klebasa da gaqrobasTan 

erTad garemodan qreba maTi homologiuri fagebic. 

baqteriofagebis preparatebis, rogorc samkurnalo-

profilaqtikuri saSualebebis, istoria saTaves iRebs gasuli 

saukunis dasawyisidan. baqteriebis bunebrivi da SeZenili 

rezistentobis (mdgradobis) gamo dReisaTvis mTel msoflioSi 
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baqteriofagebis preparatebs ganixilaven rogorc antibiotikebis 

paralelur samkurnalo  preparatebs. 

  baqteriofagiebis preparatebi gamoirCeva maRali 

Terapiuli efeqtiT da Seucvlelni arian rogorc 

profilaqtikuri saSualebebi. es preparatebi aratoqsikuria, 

uvnebelia, maTi miReba ar iwvevs Tanamdev movlenebs, ukuCveneba 

ar aqvT da maTi miReba SesaZlebelia nebismieri asakisa da 

riskis jgufis adamianebisaTvis. baqteriofagebis preparatebi 

miRebisas moqmedebs mxolod Sesabamis paTogenur (adamianis 

infeqciuri daavadebebis gamomwvev) baqteriebze da iwvevs maT 

daSlas (liziss). infeqciebis gamomwvevi baqteriebis ganadgu-

rebis Semdeg baqteriofagebi toveben organizms. 

mecnieruli kvlevebiTa da literaturuli monacemebiT 

dadasturebulia baqteriofagebis uvnebloba, rogorc adamianisa 

da cxovelebis organizmisaTvis, aseve garemos mimarT. 

amgvarad, zemoT aRniSnulidan gamomdinare, baqteriofag-

ebis Seswavlisa da warmoebis aqtualoba rogorc wminda 

mecnieruli, aseve praqtikuli mizniT, udavoa. 

 samuSaos mizans warmoadgenda: 

1. baqteriofagebis gafrqveviT Sroba sxvadasxva Semavseblebis, 

baqteriofagebisa da parametrebis gamoyenebiT. 

2. gafrqveviT Srobis Sedareba ukve danergil liofilur da 

pulsaciuri wviT SrobasTan. 

3. baqteriofagebis seriuli preparatebis nanonawilakebis da 

Zeta-potencialebis kvleva. 

mecnieruli siaxle. mSrali faguri preparatebis miRebisas 

mniSvnelovani problema aris Semavseblis SerCeva. vinaidan 

sakuTriv baqteriofagebis (virusebis) wona mSral mdgomareobaSi 

umniSvneloa, amitom fagebs aSroben sxvadasxva SemavseblebTan 

erTad. am dros iyeneben Srobis sxvadasxva meTodebs.  

Cvens mier am mizniT pirvelad aris gamoyenebuli gafrqveviT 

Srobis meTodi, romelic gamoirCeva iseTi upiratesobebiT, 
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rogoricaa procesis uwyvetoba, didi mwarmoebluroba, miRebuli 

produqtis maRali sisufTave da sxv.  

 dadgenilia Srobis optimaluri pirobebi da gamoyvanilia 

Sesabamisi maTematikuri kanonzomiereba. 

Cvens mier pirvelad aris gansazRvruli fagebis zomebi da 

Zeta-potenciali;  

 originaluri biodegradirebadi polimeruli matriqsis 

gamoyenebiT davamzadeT polimer/baqteriofagis biokompozitebi, 

risTvisac gamoviyeneT inovaciuri teqnologiiT miRebuli, 

arasasurveli minarevebisagan Tavisufali mSrali baqterio-

faguri preparatebi, romlebic Semavseblebis saxiT Seicavs 

kalciumis da magniumis marilebs. rogorc winaswari gamok-

vlevebi GgviCvenebs, kompozitebi gamoirCeva maRali aqtivobiT. 

avtoris piradi wvlili. sadisertacio naSromis yvela 

eqsperimenti Sesrulebulia piradad avtoris mier. nanosaizerze 

kvlevebi da Sedegebis interpretacia Catarebulia uSualod 

avtoris monawileobiT. aseve, avtoris monawileobiT tardeboda 

baqteriofagebis aqtivobis gansazRvris eqsperimentebi ss 

“bioqimfarmSi”. 

publikaciebi. disertaciis Temaze gamoqveynebulia 3 statia, 1 

Tezisi da Setanilia 1 sapatento ganacxadi. 

samuSaos aprobacia. disertaciis ZiriTadi Sedegebi wardgenili 

iyo kavkasiis meore saerTaSoriso simpoziumze (Second international 

Caucasian Symposium on Polymers and Advanced Material - 2010); 

naSromis struqtura. naSromi moicavs 125 nabeWd gverds, 

Sesavals, literaturis mimoxilvas, Sesrulebuli samuSaos 

gansjas, eqsperimentul nawils, daskvnas, citirebuli liter-

aturis nusxas 81 dasaxelebiT, 13 naxazs, 27 cxrils, 18 suraTs. 

naSromis literaturis mimoxilvaSi Sekrebili da gaanalize-

bulia baqteriofagebis aRmoCenis istoria da kvlevis meTodebi; 

fagebis mniSvneloba da adgili Tanamedrove samedicino 

praqtikaSi; saqarTveloSi da sazRvargareT arsebuli baqterio-

faguri preparatebis aRwerilobebi da Srobis meTodebi. Srobis 



6 
 

Cvens kvlevamde arsebuli samuSaoebi, romlebic exeba 

baqteriofagebis Srobis procesebs sxvadasxva meTodebis 

gamoyenebiT; ganxilulia liofiluri da pulsaciuri wviT 

Srobis meTodebi; mocemulia am meTodebis dadebiTi da 

uaryofiTi mxareebi.  

 

naSromis ZiriTadi Sinaarsi 

 

1. baqteriofagebis gafrqveviT Sroba rotaciuli 
atomaizeriT aRWurvili aparatis gamoyenebiT 

 

1.1. Sesavali  

 

baqteriebis mzardi rezistentobis gamo dReisaTvis mTel 

msoflioSi baqteriofagebis preparatebs ganixilaven rogorc 

antibiotikebis paralelur samkurnalo saSualebebs. fagur 

preparatebs awarmoeben rogorc xsnarebis (e.w. Txieri fagebi), 

aseve mSrali preparatebi saxiT. rig SemTxvevebSi (kompozituri 

preparatebisa da abebis misaRebad) upiratesoba eniWebaT am 

ukanasknelebs. fagebis gaSroba sufTa saxiT praqtikulad 

SeuZlebelia, vinaidan sakuTriv fagebis (rogorc virusebis) wona 

umniSvneloa. amitom Srobis dros iyeneben sxvadasxva 

Semavseblebs. sakuTriv fagebis gasaSrobad, ZiriTadad, iyeneben 

liofiluri  (gayinviT) Srobis meTods. 

liofiluri Sroba xorcieldeba specialur liofilur  

saSrobSi. gamosaSrobi masala iyineba, Tavsdeba specialur 

aparatSi (liofilizatorSi), sadac vakuumSi wyali gayinuli  

mdgomareobidan gadadis airadSi da kvlav gamoiyineba spec-

ialuri macivris (-40oC) zedapirze (sublimirdeba). meTodis 

mniSvnelovani naklia perioduloba, maRali energomoxmareba, 

sterilizaciis rTuli procedurebi, mcire warmadoba. amitom 

SemoTavazebuli iyo baqteriofagebis pulsaciuri wviT Sroba. 
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faqtobrivad es aris gafrqveviT Srobis erT-erTi nairsaxeoba, 

romelSic nimuSis gafrqveva xdeba specialur, pulsaciuri wvis 

mowyobilobaSi. baqteriofagebis Srobis es xerxi ar gamoirCeva 

teqnologiuri simartiviT, rac dakavSirebulia pulsaciuri wvis 

gamfrqvevis rTul konstruqciasa da maRal fasTan. amasTan 

erTad saSrob xsnarSi gamoiyenes iseTi Semavseblebi, rom 

miRebuli fagebis Semcveli fxvnili vargisia mxolod sakvebi 

produqtebisTvis.  

 

 

1.2. baqteriofagebis gafrqveviT Srobis kvlevebi, 
Sedegebi da gansja 

 

zogierTi avtoris azriT swrafad mbrunavi rotaciuli 

atomaizeri iwvevs fagebis inaqtivacias meqanikuri zemoqmedebis 

Sedegad. 

miviCnieT ra, rom aseTi daskvna dausabuTebelia da 

dakavSirebuli unda yofiliyo komerciul mosazrebebTan, 

gadavwyviteT Segveswavla baqteriofagebis Srobis procesi rota-

ciuli atomaizeriT (frqvevaniT) aRWurvil Srobis aparatze. 

gamoviyeneT kompania NIRO MOBILE MINOR™-is (dania) gafrqveviT 

Srobis aparati. myar Semavseblebad SevarCieT kalciumis 

glukonati (C12H22CaO14) da magniumis karbonati (MgCO3). maTi 

SerCeva ganpirobebuli iyo imiT, rom isini baqteriofagebis 

mastabilizebeli cnobili nivTierebebia da farTod gamoiyeneba 

fagur teqnologiebSi. vinaidan Cvens mizans warmoadgenda mSrali 

faguri preparatebis miReba Wrilobis Semaxorcebeli 

polimeruli biokompozitebis (magaliTad, xelovnuri kanis 

fagobiodermi®) dasamzadeblad, aRniSnuli nivTierebebis 

gamoyenebas aqvs is upiratesobac, rom maT SeswevT unari 

dadebiTad imoqmedon Wrilobis Sexorcebis procesze, vinaidan 

cnobilia kalciumisa da magniumis ionebis pozitiuri gavlena 

qsovilebis regeneraciaze. aqve mizanSewonilia SevniSnoT, rom 

gafrqveviT Sroba aris industriuli masStabiT erT-erTi 
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yvelaze farTod gavrcelebuli Srobis meTodi, romelic iZleva 

sasurveli dispersulobis  mSrali fxvnilebis uwyveti warmoe-

bis saSualebas. mkvebavi nakadi SeiZleba iyos rogorc xsnarebi, 

aseve emulsiebi da suspenziebi. miznobrivi produqti akmayo-

filebs umaRles standartebs, rogorc nawilakebis zomiTi 

ganawilebis, aseve narCeni tenianobis, simkvrivisa da nawilakebis 

morfologiis TvalsazrisiT. gafrqveviT Sroba saSualebas 

iZleva ufro martivad gadavwyvitoT mSrali biopreparatebis 

sterilurobis problebac.  

 

TvalsaCinoebisaTvis sur. 1-ze moyvanilia gafrqveviT Srobis 

procesis sqema: peristaltikuri tumbos (1) meSveobiT gasaSrobi 

xsnari 0,6-1,2 l/sT siCqariT miewodeba rotaciul atomaizerze 

(frqvevanaze) (2), ris Semdegac saSrob sakanSi (3) Sedis nislad 

qceuli baqteriofagisa da Semavseblis xsnari an suspenzia. iq 

Semaval xsnars an suspenzias gamaTbobelSi (4) xvdeba 65-95oC–mde 

gacxelebuli haeris nakadi, romelic myisierad aSrobs mas. 

gamSrali fxvnili saSrobi saknidan (3) waritaceba gamwovi 

ventilatoris (5) meSveobiT, xolo ciklonSi (6) xdeba orTqlisa 

da fxvnilis separacia. gamSrali fxvnili ciklonidan iyreba 

specialur sterilur WurWelSi. Srobis process sWirdeba sul 

ramdenime wami, rac mniSvnelovania baqteriofagebis aqtivobis 

SenarCunebis TvalTaxedviT. aseve mniSvnelovania, rom saSrobSi 

Sesasvlelsa da gamosasvlelze airebs hqondeT rac SeiZleba 

dabali temperatura. 



 

sur. 1. gaf
1. 
2. 
3. 
4. 
5. 
6. 
7. 

 
cxrili.1. 

sx

# 
Txeva

1 S

2 

3 S

4 

5 Staph

6 E

7 S

8 

 

*fa

frqveviT 
perista
frqvevan
saSrobi
gamaTbo
gamwovi 
ciklon
Semberi 

Staphyloc
xvadasxva 

adi fagi 

Staphylococ

E.coli /

Staphylococ

E.coli 

hylococcus/

E.coli / C12H

Staphylococ

E.coli 

agis titr

Srobis pr
ltikuri 
na 
i sakani 
obeli 

ventilat
i 
ventilat

coccus da 
Semavsebl

 

/Semavseb

 

ccus / NaHC

/ NaHCO3 

ccus / MgC

/ MgCO3 

/C12H22CaO

H22CaO14·H

ccus / MgC

/ MgCO3 

ri gazomi

9

rocesis s
tumbo 

tor 

tori 

E.coli b
lis Tanaob

beli, F 

CO3 

CO3 

O14·H2O 

H2O 

CO3 

iliaAgra

sqema 

baqaterio
bisas 

 

F, 

%

xsnar

Sro

Sem

10 7

10 7

10 7

10 7

10 7

10 7

8 7

8 7

acias meT

fagis Sr

ris pH 

obis 

mdeg 

s

t

7.1 

7.1 

7.1 

7.1 

7.1 

7.1 

7.4 

7.2 

TodiT 

robis S

sawyisi 

titri* 

(PFU) 

t

S

S

9×108 

5×108 

9×108 

5×108 

9×108 

5×108 

3×108 

1×108 

 

edegebi  

titri* 

Srobis

Semdeg 

(PFU) 

2×104 

2×106 

2×104 

5×105 

1×106 

4×106 

0.9×106 

1×108 



10 
 

baqteriofagebis titrs (Plaque Forming Unit - PFU) xsnarebSi  

vamowmebdiT gracis orSriani agaris meTodiT. tipur meTodikaSi 

baqteriofagis preparats anzaveben 104-dan 108-mde steriluri 

bulionis (Tevzis eqstraqti, marteni, xotingeri da sxv.) an 

fiziologiuri xsnaris damatebiT (ganzavebidan ganzavebamde 

sterilur pipets aucileblad cvlian). dawyebuli 104 

ganzavebidan vidre 108 ganzavebamde. sterilur sinjaraSi 

gadaaqvT TiTo ml xsnarisa, romelsac amateben test-kulturis 

0.1 ml-s da 2.5 ml 0.7%-ian 45oC-mde gamTbar naxevrad Txier agars. 

aRniSnul narevs anjRreven da gadaaqvT (Tanabrad awileben) 

petris finjnebze, romlebzec winaswar datanilia 1.8%-ian agaris 

geli. 30 wT-is Semdeg petris finjnebs aTavseben TermostatSi 30-

37oC-ze 12-24 saaTiT. preparatis titri (fagis Semcveloba 

preparatis erT ml_Si) ganisazRvreba fagis negatiuri 

koloniebis (lizisis zonebis anu laqebis-Plaque) daTvliT petris 

finjanze, ris Semdegac iyeneben formulas n=Y×X, sadac n aris 

fagis titri, Y –negatiuri koloniebis ricxvi, X – fagis ganzaveba 

finjanze. vaanalizebdiT rogorc sawyis xsnars, aseve gamSral 

fagebs.  

gamSral fxvnilebSi fagis raodenobis dasadgenad fxvni-

lidan vaxdendiT fagebis eqstraqcias. am mizniT, miRebul mSral 

preparats vamatebdiT fiziologiur xsnars, intensiurad 

vurevdiT 10-15 wT, vayovnebdiT fxvnilis daleqvamde da miRebuli 

supernatantidan gasaanalizeblad viRebdiT aliqvots. 

Tanafardobas - fxvnili, g/fiziologiuri xsnari, ml - viRebdiT 

iseTives, rogoric es iyo sawyis narevSi Srobamde (ix. cxrili 1). 

SrobisaTvis 200 ml steriluri baqteriofagis preparats 

(sawyisi xsnari) vamatebdiT mSral MgCO3 an kalciumis 

glukonats C12H22CaO14·H2O, iseTi raodenobiT, romelic 

Seesabameba cxril 1-Si moyvanil myari Semavseblis (F)%-ul 

Semcvelobas. baqteriofagisa da Semavseblis narevs energiulad 

vanjRrevdiT homogenizaciis mizniT, vaSrobdiT NIRO MOBILE 
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MINOR gafrqveviT saSrob aparatze. Srobis procesis  reJimi 

aseTi iyo: narevis miwodebis siCqare – 1 l/sT, haeris 

temperatura Sesasvlelze - 95oC. Srobis Semdeg miRebuli 

erTgvarovani fxvnili grovdeboda sterilur WurWelSi. 

  Srobis eqsperimentis Sedegebi moyvanilia cxril 1-Si. 

rogorc cxrilidan Cans, gafrqveviT Srobis procesSi fagebis 

nawilobrivi inaqtivacia igive rigisaa, rac liofiluri Srobis 

dros. Tu gaviTvaliswinebT gafrqveviT Srobis simartives, 

siiafes, siCqaresa da procesis uwyvet bunebas, am procesis 

upiratesoba liofilur SrobasTan SedarebiT aSkaraa. 

dadgenilia, rom SedarebiT mgrZnobiare rotaciuli atomaizeriT 

gafrqveviT Srobis procesis mimarT aris Staph. fagi, xolo ufro 

gamZle - E.coli fagi. amasTan, Staph.Ffagis titris vardna 

optimaluri Semavsebelisa da koncentraciis pirobebSi (MgCO3, 

8%) Seadgens ~2 rigs (nimuSi #7), rac analogiuria adre 

pulsaciuri wvis mfrqvevanas gamoyenebiT miRebuli Sedegisa, 

xolo E.coli fagis titris vardna igive pirobebSi saerTod ar 

SeiniSneboda (nimuSi #8). miRebuli gamSrali Staph.fagis da 

biodegradirebadi poliesteramidis safuZvelze damzadda 

preparat “fagobiodermis” monofagiani analogi, romelmac 

gamoavlina maRali baqtericiduli aqtivoba (+3). 

 

2. baqteriofagebis gafrqveviT Srobis procesis 
optimizacia 

 
Srobis optimaluri parametrebis dadgenisTvis Semavseblad 

gamoviyeneT C12H22CaO14/MgCO3  (50:50 woniT) narevi da E.coli 

baqteriofagis xsnari titriT 1×108 fagi/ml. Semavsebels 

garkveuli raodenobiT vamatebdiT baqteriofagis xsnarSi da 

vaxdendiT narevis homogenizacias.   

vawarmoebdiT Semdegi parametrebis varirebas:  

- Semavseblis koncentracia xsnarSi: 6 da 10 %; 

- temperatura saSrobi aparatis Sesasvlelze: 75 da 95oC; 
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- mkvebavi nakadis siCqare: 0,6 da 1,0 l/sT-Si. 

miRebul mSral produqtSi baqteriofagis titrs 

vsazRvravdiT gracis standartuli orSriani agaris meTodiT. 

gafrqveviT Srobis optimaluri parametrebis dadgenis 

mizniT gamoviyeneT eqsperimentis dagegmvis maTematikuri meTodi. 

saoptimizacio parametrad SevarCieT E-coli baqteriofagis titri, 

xolo procesze moqmed faqtorebad temperatura (X1), nakadis 

siCqare (X2) da xsnaris koncentracia (X3). 

23 tipis maTematikuri modelis eqsperimentuli dagegmvis 

pirobebi, dagegmvis matrica kodirebul cvladebSi warmod-

genilia cxrilebSi #2 da #3: 

 

cxrili 2. eqsperimentis dagegmvis pirobebi 

faqtorebi - 0 + 
varirebis 

intervali 

temperatura (T) oC 75,0 85,0 95,0 10 

nakadis siCqare (V) , l/sT 0,6 0,8 1,0 0,2 

koncentracia (C), % 6,0 8,0 10,0 2 

 

 
cxrili 3. dagegmvis matrica kodirebul cvladebSi 

 

# X0 
X1 

(T) 

X2 

(V) 

X3 

(C) 
X1X2 X1X3 X2X3 X1X2X3 Y1 Y2 Y Si

2 

1 +1 - - - + + + - 1x108 6x107 8x107 8x1014 

2 +1 + - - - - + + 1x108 5x107 7.5x107 1.25x1015

3 +1 - + - - + - + 1x108 5x107 7.5x107 1.25x1015

4 +1 + + - + - - - 1x108 6x107 8x107 8x1014 

5 +1 - - + + - - + 5x106 1x106 3x106 8x1012 

6 +1 + - + - + - - 4x106 2x106 3x106 2x1012 

7 +1 - + + - - + - 5x106 3x106 4x106 2x1012 

8 +1 + + + + + + + 7x106 3x106 5x106 8x1012 
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#3 cxrilSi, agreTve, mocemulia paralelur cdebSi E-coli 

baqteriofagis gadarCenili raodenobis Y1 da Y2 mniSvnelobebi da 

gadarCenili raodenobis saSualo mniSvneloba Y.  

23 tipis sruli faqtoruli eqsperimentis safuZvelze 

gansazRvrulia wrfivi regresiuli gantolebebis koeficientebi 

da miRebulia Semdegi gantoleba: 

 

Y = 40,6x106 + 1,25x105X1 + 3,75x105X2 - 36,87x106X3 + 13,75x105X1X2 + 

+1,25x105X1X3 + +37,75x105X2X3 - 11,25x105X1X2X3 

 

miRebuli gantoleba adeqvaturobaze Semowmda fiSeris F 

kriteriumiT, xolo cdebSi dispersiulobis Sefaseba 

ganxorcielda G kriteriumiT, romelTa gamoTvlili 

mniSvnelobebi naklebi aRmoCnda 95%-iani rwmunebis albaTobis 

cxrilur mniSvnelobaze, rac miuTiTebs, rom miRebuli  

gantoleba adeqvaturad aRwers process, xolo dispersia 

dasaSveb zRvrebSia. 

 regresiis gantolebis stiuendis kriteriumiT Sefasebam 

gviCvena, rom mxolod X3-is koeficientia mniSvnelovani da misi 

uaryofiTi niSani ganapirobebs imas, rom am faqtoris 

(baqteriofagis da Semavseblis xsnaris koncentraciis) Semcireba 

gazrdis gadarCenili baqteriofagebis raodenobas. 

 

 

3. E.coli da Staphylococcus aureus baqteriofagebis 
kvleva dinamikuri Suqgabnevis meTodis 

gamoyenebiT 
 

sxvadasxva fizikur-qimiuri meTodebiT dadgenilia, rom 

baqteriofagebi warmoadgens uaryofiTad damuxtul, 25-200 nm 

zomis nawilakebs, anu nanonawilakebs. am miznebisaTvis adre 

gamoyenebuli kvlevis meTodebis umetesoba sakmaod uxeSi da 

Sromatevadia. gacilebiT perspeqtiulia Tanamedrove meTodebi, 

romlebic emyareba lazeris sxivis dinamikur Suqgabnevas (Dynamic 
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light-scattering). am principiT moqmedi Tanamedrove xelsawyoebi 

(zeta-saizerebi - zetasizer) saSualebas iZleva swrafad da 

efeqturad ganvsazRvroT erTdroulad orive parametri – 

nanonawilakis zomebi da zedapiruli muxti (Zeta-potenciali), 

SevafasoT polidispersiuloba, amasTan SeviswavloT aRniSnuli 

parametrebis sxvadasxva faqtorebze (koncentracia, pH, ionuri 

Zala da sxv.) damokidebuleba, rac saSualebas mogvcems 

mizandasaxulad vmarToT fagebi zemoT naxseneb procesebSi.  

literaturaSi moipoveba Zalze mwiri monacemebi baqterio-

fagebis zomisa da Zeta-potencialis Sesaxeb, xolo Catarebuli 

kvlevebi miznad isaxavda teqnologiuri amocanebis gadawyvetas, 

kerZod mineraluri nedleulis gamdidrebas.  winamdebare kvleva 

warmoadgens samkurnalo baqteriofagebis kvlevis pirvel 

mcdelobas lazeruli zeta-saizeris gamoyenebiT.  

kvlevisaTvis SevarCieT ori monofagi – E.coli da Staphylococcus 

aureus – ss “bioqimfarmis” seriuli preparatebi. baqteriofagebis 

zomebs, zomebis ganawilebasa da Zeta-potencials vsazRvravdiT 

Zetasizer Nano (Malvern Instruments, Malvern, UK) analizatorze, 

sinaTlis wyaro – wiTeli lazerი (633 nm); viyenebdiT erTjerad 

polikarbonatul kiuvetebs DTS1060 (Malvern Instruments). sawyis 

nimuSebs vanzavebdiT, risTvisac maT 1 moculobas vamatebdiT 1, 

2, 5 da 10 moculoba gamoxdil wyals; Semdgomi ganzavebisas (1:20) 

nawilakebis koncentracia mcirdeba imdenad, rom scdeba 

xelsawyos mgrZnobelobis zRvars. vzomavdiT sawyisi da 

ganzavebuli nimuSebis pH-s, risTvisac viyenebdiT eleqtronul 

pH metrs “Cheker pH Tester” (Hanna Instruments, USA). fagebis 

polidispersiulobas vafasebdiT sididiT %polidispersiuloba 

(%Polydispersity, %PD), romelic iangariSeba formuliT (PDI)1/2.100, 

sadac PDI aris polidispersiulobis indeqsi (Polydispersity Index), 

romelsac avtomaturad iZleva xelsawyo. miRebulia, rom Tu 

%PD<20%, nimuSi monodispersulia, xolo Tu %PD>40-50%, 

ganawileba farToa. 
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sakvebi aris da baqteriebis lizisis komponentebis (peptidebis, 

cilebis, eleqtrolitebis) kompleqsebis disociaciiT. vinaidan 

ganzaveba praqtikulad ar axdens gavlenas baqteriofagebis 

polidispersiulobaze (ix. cxrili #4). savaraudoa, rom zomebis 

Semcireba gamowveulia kompleqsebis disociaciiT, vinaidan 

mosalodneli iyo, rom klasterebis disociacias unda emoqmeda 

polidispersiulobis xarisxze.  

 

cxrili 4. Staphylococcus da E.coli  baqteriofagebis zoma, %PD da Zeta-
potenciali. 

 

baqteriofagi pH 

distilirebuli 

wyliT ganzaveba 

(v:v) 

zoma, 

nm 

 

%Pd 

 

 

zeta-poten-

ciali, mV 

E.coli 7,7 

sawyisi xsnari 300,7 65 -10,9

1:1 260,7 67 -15,2

1:2 232,6 64 -18,9

1:5 219,5 63 -19,5 

1:10 196,5 63 -30,7 

Staphylococcus 7,5 

sawyisi xsnari 180,9 65 -16,7 

1:1 150,0 69 -19,5

1:2 146,3 59 -23,5

1:5 142,0 70 -28,9 

1:10 139,8 65 -31,2 

 

 baqteriofagebis Zeta-potenciali. Zeta-potenciali, 

ZiriTadad, nanonawilakis zedapiris muxtis daxasiaTeblad 

gamoiyeneba. Zeta-potenciali nawilakis eleqtrul potencials 

asaxavs, damokidebulia nawilakis Semadgenlobasa da dispersul 

areze. eqsperimentulad dadgenilia, rom nanonawilakebis 

suspenzia stabiluria, Tuki Zeta potencialis mniSvneloba 

aRemateba (+/-) 30 milivolts (mV); am SemTxvevaSi zedapiris muxti 

xels uSlis nawilakebis agregacias.  
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daskvna 

 

1. eqsperimentuli monacemebis analizis Sedegad moxda 

baqteriofagis Srobis optimaluri parametrebis SerCeva. 

dadginda optimaluri samuSao parametrebia: 

- pH (7.1-7.2), temperatura (75-950C); 

- nakadis siCqare (0.6-1.0l/sT);  

- koncentracia (6-10%). 

2.  gamokvleul iqna ramodenime tipis Semavsebeli (natriumis 

bikarbonati, magniumis karbonati, kalciumis glukonati da 

maTi narevi), saidanac SeirCa is optimaluri Semavsebeli 

(MgCO3 + C12H22CaO14·H2O (50/50 w/w), romelSic xdeba 

baqteriofagis maqsimalurad gadarCena. 

3.  dadgenilia, rom yvelaze mgrZnobiare Srobis procesis 

mimarT aris Staph.fagi, xolo yvelaze  gamZle -  E.coli fagi. 

4.  gafrqveviT Srobis procesSi fagebis nawilobrivi inaqtivacia 

iseTive rigisaa, rogoric liofiluri Srobis dros. 

gafrqveviT Srobis simartivis, siiafis, siCqaris da procesis 

uwyveti bunebis gaTvaliswinebiT cxadia am procesis aSkara 

upiratesoba  liofilur SrobasTan SedarebiT. 

5.  miRebuli gamSrali Staph.fagis, e.colifagis da 

biodegradirebadi poliesteramidebis safuZvelze damzadda 

preparat “fagobiodermis” monofagiani analogi, agreTve 

wvrildispersuli fxvnili, romlebmac gamoavlines sakmaod 

maRali baqtericiduli aqtivoba (+2 da +3). 

6.  lazeris sxivis dinamikur Suqgabnevis (Dynamic light-scattering). 

meTodiT dadginda saqarTveloSi warmoebuli seriuli 

monofagebis Staphylococcus da E.coli–is zoma, %PD da Zeta-

potenciali. 
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Abstract 
 

 The present study is dedicated to spray drying of bacteriophages with various 
fillers, parameters and bacteriophages. The survey is compared with already 
implemented freeze drying and pulse combustion drying. For the first time it is 
investigated nanoparticles and Zeta-potentials of  bacteriophage preparations. 

Drying process was studied on GEO NIRO MOBILE MINOR™ (Denmark) 
spray drying apparatus. Since the bacteriophages (as virus) weight is insignificant, it is 
virtually impossible to obtain pure dry bacteriophages. We used various fillers: 
Calcium Gluconate (C12H22CaO14) and Magnesium Carbonate (MgCO3). Their 
selection has been pointed out because they are well-known bacteriophage stabilizing 
substances. In addition, these substances may play a buffer role if necessary. Guided, 
as well, as we use dry phages in wound healing therapy, such as artificial skin 
Phagobioderm®, calcium and magnesium ions can play a positive role in tissue 
healing process. 

For obtaining optimal parameters for drying, as filler was used 
C12H22CaO14/MgCO3 (50:50 weight) mixture and E.coli  solution with titer 1×108 

phage/ml. A certain amount of filler was added in E.coli  bacteriophage mixture and 
solution was homogenized. We varied the following parameters: 

- Filler concentration in solution, 6 and 10%; 
- Temperature at the entrance to the drying chamber 75 and 95oC; 
- Feeding flow rate: 0.6 and 1.0 L/h. 
To determine the optimal drying parameters of spray drying was used 

mathematical method of experiment planning. As optimizing parameter was selected 
titer of E-coli bacteriophage, and as factors influencing on process were selected: 
temperature, flow rate and solution concentration. 

On the basis of a complete factor experiment type 23 linear regression equation 
coefficients are determined and obtained the following equation: 

 
Y = 40,6x106 + 1,25x105X1 + 3,75x105X2 - 36,87x106X3 + 13,75x105X1X2 + 

+1,25x105X1X3 + 37,75x105X2X3 - 11,25x105X1X2X3. 
 
The adequacy of the equation was checked for Fisher's F criteria and with G 

criteria experiments disspersial assessment were carried out, which calculated values 
are less than 95% then table values, which indicates that the equation adequately 
describes the process and the dispersion is in allowable extents. 

Regression equation for Stuend assessment showed that only X3 coeficient is 
important and its negative value shows that reducing that factor (concentration of 
bacteriophage and filler solution) is increasing the number of surviving 
bacteriophages. 

Research results revealed that the survival of bacteriophage numerical value is 
very high, which indicates that we have selected the optimal settings. In general, the 
increasing of temperature (within reasonable limits) and flow velocity, and reducing 
the concentration of the solution always increases the number of surviving 
bacteriophages. 

Were studied the impact of changing concentrations on titer of bacteriophage 
solutions and the data shows that with increase of concentration decreases the number 
of bacteriophage survival. Which enable us to conclude that the decrease of drying 
solution concentration increases the chances of survival of bacteriophages. 
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The experiments confirmed that during spray drying of sodium and 
bacteriophage solution number of survived bacteriophages is significantly reduced. 
With our opinion the main cause of this was sodium solutions high pH. The results 
showed that there is no significant changes in the sodium solution pH in spite of the 
different drying parameters and addition of HCL is not lowering pH. Therefore, the 
use of sodium solution with bacteriophages less desirable, but with the drying method 
used by us we were able to obtain dry sodium and bacteriophages with high activity. 

In the manufacturing process of drying solution, in purpose of sterilization, it is 
added a certain number of chloroform. After adding chloroform was studied phage 
titer fall. Studies have shown that under the influence of chloroform (1 ml phage + 9 
ml broth + 1 ml chloroform) phage initial titer - 4×108 part/ml after 168 hours dropped 
to only 3 units (1×108 part/ml), which showed that chloroform has no significant effect 
on the fall of phage titer, but the minimal level drop of titer is still linked to it. 

We impregnated dry bacteriophages in biodegradable polyesteramide films. For 
this purpose the necessary ingredients for a composite were mechanicaly mixed. Were 
added a number of enzymes (-Chymotrypsin, Trypsin, Lipase), which is necessary 
for biocomposite design, as well added surface-active substances needed (Tweens and 
Sodium dodecilsulphate) for producing high dispersity porous systems. Composites 
containing dry bacteriophages prepared at room temperature. 

We mix solution with mechanical mixing (2000 min-1). Was selected 
Staphylococcus phage, which showed resistance to mechanical impact. 

Different physical-chemical methods revealed that bacteriophages is negatively 
charged, particles size with 25-200 nm or nanoparticles. Most of the methods 
previously used for the purposes of this research is quite rough and time-consuming. 
More perspective are modern methods, which are based on dynamic laser beam 
scattering. The operating principle of this modern tools (zetasizer) allows us to 
quickly and effectively determine both parameters - size and surface charge (zeta - 
potential) of nanoparticles.  

Research aimed solution of wide range of technological problems, as well our 
study was the first attempt of study the therapeutic bacteriophages using laser zeta - 
sizer. 

The average size of the initial E.coli preparation is 300 nm, which is quite high 
for phages. After diluting with water 1:10 size of particles decreased till 196 nm, ie, 
decreased for 1,53 times. Less sensitive was dilution of Staphylococcus phages - their 
sizes are reduced to 180-140 nm after 1:10 dilution  (1.29  times). In both cases the 
sizes of bacteriophages in diluted solutions are as described in literature. 

Reduce of sizes of bacteriophages may be explained by associated virus cluster 
dissociation and / or with bacterias lysis components (peptides, proteins, electrolytes) 
complexes disotiation. Dilution practicaly has no influence on polidispersity of 
bacteriophages. Likely the decrease in size is due to complex dissociation, because it 
was expected that the dissociation of clusters had to act on polydispersity. 

Zeta-potential usualy used for characterisation of surface charge of 
nanoparticles. Zeta-potential reflects the electric potential of these particles and 
depends on particle composition and dispersial area. Experimentally established that 
suspension of nanoparticles are stable if zeta-potential value is more than (+ /-) 30 
milivolts (mV), in this case, the surface charge prevents aggregation of particles. 

Zeta-potential of studied bacteriophages in initial solutions are negative. After 
disolution negative charge of viruses, ie, negative zeta-potential increases and after 
diluting 1:10 times reaches stabile nanoparticles at -30.7 and -31.2 mV, E.coli and 
Staphylococcus, respectively. Increasing of negative zeta-potential after diluting in 
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phages, presumably, can be explained with disotiation of  complexes mentioned 
above. In addition, as well as in case of sizes, these changes are more severe for 
E.coli, from which we can conclude that they are more inclined towards forming 
complexes. We can assume that bacteriophage sizes free from food and components 
of lysis, polydispersity, and zeta-potential are less dependent on the concentration of 
them in the solution. Our research objective is further study of highpurity 
bacteriophages. 

Thus, we determined the optimal working parameters for drying bacteriophages: 
pH (7.1-7.2), Temperature (75-950C), flow rate (0.6-1.0 l/h), concentration (6-10%). 
Examined several types of filler (sodium bicarbonate, magnesium carbonate, calcium 
gluconate and their mixture), from which was selected as optimum filler (MgCO3 + 
C12H22CaO14·H2O (50/50 w/w)), in which survival of bacteriophage are maximal. It is 
established that the most sensitive in drying process is Staph. phage, and the most 
durable - E.coli phage. In spray drying process the partial inactivation of phages are 
same as in freeze drying. Because of Spray Drying simplicity, cheap, speed, and 
continuous nature of this process it has an obvious advantage against Freeze drying. 
On the basis of obtaind dry Staph. phage and biodegradable polyesteramide is made 
preparation "Phagobioderm" monophage analogue, which showed high bactericidal 
activity (+3). 
 


